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FOREWORD XVII 

6fowz5s, as in many Thallophytes, though variable in them: but typical of 
the normal Archegoniatae and of primitive Seed-Plants, where both 
gametophyte and sporophyte are present: and III. Diplohionts, where the 
soma is diploid, a state characteristic of Animals. In the Highest Plants 
practically a like condition has been attained by progressive reduction of 
the haploid phase. Thus for organisms possessing sex somatic development 
varies in relation to a more stable cytological cycle. It is an old principle 
in Morphology to accord weight to characters according to their stability. 
Hence the normal nuclear cycle will take precedence over such somatic 
developments as have been imposed upon it. 

The development of a soma, or “generation", whether haploid or diploid, 
punctuating the nuclear cycle, is in fact an optional not an obligatory 
event in the life-history of sexual organisms at large, however constant 
such phases may be within limited circles of plant-affinity. Oltmanns has 
concluded from wide comparison of the Algae that just as sexuality may 
have arisen repeatedly and independently in various groups of the lower 
organisms, so may the various higher families have carried out independ- 
ently the estabiishment of two generations. In fact that homoplastic post- 
sexual phases have been developed in widely different plants, such as 
Dictyota Folysiphonia omong the Algae. But this does not imply 
their homogeny one with another, nor with that of any one of the Arche- 
goniatae. This leads on to the statement of Goebel, that the doctrine of 
alternation as founded originally for the higher plants, from the Bryophyta 
upwards, cannot be extended to all plants. Further we may conclude that, 
since it is not possible to bring any one family of living Thallophytes into 
genetic I'elation with the Archegoniatae, the alternation of generations 
seen normally in them should be discussed on its own merits. 

Many years earlier than 1894 irregularities had been recorded in the 
normal Hofmeisterian cycle. They are known as Apogamy and Apospory. 
At first sight such happenings seemed to be wholly subversive of regularised 
alternation, and a period of confused thought followed. But so long as the 
eye rests upon the normal cycle, with its constantly recurring features of 
syngamy and reduction, the Scylla of apogamy and the Charybdis of 
apospory may safely be passed, as relatively recent irregularities in the 
developmental history of a Land Flora. For we are not entitled to assume 
that the normal cytological cycle was arbitrarily regularised for all time, 
nor that the irregularities seen today took any part in the development 
of the remote past. For us they demonstrate present potentialities rather 
than past history. 

Thus far this discussion has been purely morphological. But it may well 
be assumed that events, relatively so constant as those of the normal 
archegoniate cycle, have had some steady biological foundation to stabilise 
them. As early as 1890 I had suggested that amphibial life presents con- 
ditions that would favour the development of a diploid sporophyte. It 
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would thus appear as a natural outcome of migration from water to Iciiid, 
tliough no consecutive series of living amphibians now exists illustrating 
that transition. It has always been held that the Arcliegoniatac |)rol:)al)]y 
sprang from some green algal source. Such types as Ulothrix, Occhv^oinum, 
Coleochaeie, and Cham have commonly been quoted. All of these stand 
cytologically on the haplo-biontic plane, reduction being invohx‘d in ilw 
first division of the zygote. Not one of them seems to have ])it (d'f the in- 
novation of postponing reduction, and interpolating a stable diploid jduise. 
Their stolid conservatism has resulted in evolutionary inertia. Here lies 
the biological gap between green aquatic and green amphibial life. But if 
any race of littoral plants were to have initiated such a diploid phase a,s 
the more primitive sub-aerial plants possess, the capture of tiie land 
would have lain open before it, provided the diploid phase were fitted to 
endure sub-aerial life. It would have secured at one stroke three biological 
ends of supreme importance to any land-living plant : (I.) a multiplication 
of possible combinations of hereditary characters, as wSvedelius has shown, 
(II.) an opportunity for a wide spread on land by dissemination of sporc'^ ; 
and (Ilf.) relief from dependence on repeated syngamy for numerical in- 
crease. Probably this last may have been the most important. The superior- 
ity thus gained would favour a rapid advance of the sporophyte. The 
haploid ancestors would be left hopelessly behind, and agap would widen 
between these and their successful rivals. The result of this is actually 
what is seen today. 

A precis, biological rather than phylogenetic, may be given of the 
general course which appears to have been taken in the establishment < f a 
Land Flora, with the sporophyte as its dominant factor. The normal 
Hofmeisterian cycle underlies the whole progression. Tlierc is no clear 
evidence how the protective archegonium originated, but its constanc}' 
shows its importance for nascent life on land. The zygote, as we see it in 
the Bryophytes, first assumes polarity, apex and base being defined in 
relation to the basal cleavage. Here, as comparison shows it to be in the 
archegoniate embryo at large, the apex lies centrally in tin* e}>il)asal 
hemisphere, and the base in a corresponding position in the hvpobasal. 
A prhnitive spindle is thus defined, having an oval or C3dindrical form in 
the simplest types. In the Bryophytes this is elaborated structurally along 
well-known lines of specialisation, but without branching. It ixmains 
dependent on the gametophyte. An important step in its elaboration, 
following NaegelTs fundamental law of organic development (A]>stam- 
mungslehre, p. 352), has been the distinction of a sterile base from a distal 
fertile capsule. In this it prefigures the structural unit of \'asciilar plants 
designated by Zimmermann as the Telome. 

Notwithstanding that the gametophyte reaches its highest state of 
organisation on land in the Bryophytes, these plants present a dwarfed 
habit, ihere was something wanting in their make-up. It appears to have 


FOREWORD 


been a lack of coordination of the factors of advance. The Moss-plant, on 
wliiGli the sporogonium depends, bears leaves and is usually profusely 
branched: but it is without internal ventilation. On the other hand, the 
sporogonium of a Moss possesses internal ventilation through stomata, 
but lacks appendages or branching. Thus neither phase of the cycle has 
been developed structurally to a full photosynthetic equipment, by com- 
bining elaboration of form with internal ventilation, as the Higher Plants 
have done. Moreover the sporogonium cannot draw its supplies directly from 
the soil. What is required for the advanceof such a diploid phase as this on 
land is physiological independence, together with elaboration of form. 
Without the latter no great size can be reached. The simple sporogonium 
ma}' be contrasted with the diffuse form of ordinary land- vegetation. The 
difference shows the importance of maintaining a due surface-volume- 
ratio as the size increases. Notwithstanding these disabilities the Bryophy- 
tes have achieved a limited success, and have made the best of the simple 
Spindle, — or Telome-unit. 

Up to the turn of the Century the widest gap in the sequence of plants. 
was held to lie between the Mosses and Vascular Plants. But its opening 
years were marked by the establishment of the ancient Class of thy. Psilo- 
phytales. In them we see fossil plants of very primitive type and early 
horizon, which have solved for themselves the biological problems that 
held back the Bryophyta. They present an independent and branched 
sporophyte. Probably these innovations were closely related in origin. 
The Psilophytales possessed cylindrical, photosynthetic, and forked shoots, 
with more or le.ss marked tendency to dichopodial or even monopodial 
branching. Their distal and often large sporangia were solitary or grouped, 
while the wliole plant was fixed in the soil by tuberous or elongated 
rhizomes. These plants suggest types of branched sporogonia, fixed in- 
dependently in the soil. Of living plants the nearest related to them are the 
Psilotales. In the various known types of ancient fossils we may find 
suggestions of further lines of advance towards types still living, such as 
the Lycopods and Equiseta; or to others known only as fossils, such as the 
Sphenoph\dls. But above all, comparisons with the Ferns are the most 
interesting. Such comparisons raise questions of foliar origin and of the 
grouping of sporangia, on which considerable diversity of opinion has 
developed, especially in relation to microphyllous types. These p-oblems 
may be resolved later by help of new discoveries among the fossils. Certainl\’ 
the last word, whether on the origin of leaves or of their relation ^ ' 
sporangia, has not yet been spoken. 

The Ferns present the best object-lesson in - — 
any Clajss of Land Plants. From the earlie*' 
day Ferns have been distinctive!}’ Ferns. W 
now living in continuous sequence frpn 
appear not as vestigial relics, but as, Vi 
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represented by many thousands of species. Up to 1 890 it had been assumed 
that the simplest Leptosporangiates were the most primitive of them all. 
But in that year, on comparative grounds, Campbell claimed priorit\- in 
evolution for the Eusporangiates. This claim is now amply sujiportt.-d' b\- 
fossil evidence. The Coenopterids, with their massive sporan.gia, sonietinies 
solitary and distal, sometimes grouped in simple .sori resembling teioiiie- 
trusses, are essentially palaeozoic types. The Ophioglos.suceae and ,\larat- 
tiaceae represent them today. Their cladode sporophylls give evidence 1)\' 
venation of a dichopodial origin, to which even the axis has been ascrihe.'i 
It is still an open question whether or not there was in the ancient losdl 
Stauroftens any axis at aU; it is significant that its frond resembles 
anatomically the stalk oi Ast&roxylon. Collectivety the Coenopterids sngge.-t 
the origin of early Filicales in relation to a source such as tlie Psilopliy tail's 
might supply. From those Palaeozoic types to the modern Lepto.sporungia- 
te Ferns the sequence is one of steadily advancing accommodation to 
shaded sub-aerial hfe. Even at the critical period of transition at the end of 
toe Palaeozoic Age there was continuity of type. It is witnessed by the 
Osmundaceae, Schizaeaceae, and Gleicheniaceae, types that still survii’e 
The story of the evolution of the modern Leptosporangiate Ferns has been 
followed m detail in “The Ferns", Vols: I-III, 1923-1928, and stated in 
brief m "Primitive Land Plants”, 1935. 

The data therein contained show how greatly the organisation of an 
cient phylum, such as that of the Ferns, may be tramsformed from tlmt 
of Its original source. How much greater may we expect the tran.sformation 
to have been m the evolution of modern Seed-Plants. If this argument be 
attitude in further enquiry upwards will be, tm 
of analvsiTandT^ from simpler ty/pes, as suggestin.g valid met lio-F 

hlw tho.se plants tliat take the- 

ghest place. In either case we may expect to find the trare.s of e-,rh- 
evolutionary steps disguised and overgrown by secoml-uu' -i.i-.r-'. 

svSm' Jd fr affect the vegetative more than the propala ve 
system. Spore-production is a constant feature in each normali v r< im’.le) e,) 
cycle^ and toe spore-producing parts retain their character. In ilrti^da; 
the Hiicro-sporangia of Flowering PlanfQ cTtax*" r ' 

PteridophytS?rd^omfd£afL^^^^^^ 

^“P^itual Archegoniatae, thougli vurioiislv 
. whole serie.s. It consists of an 

'■ somatic growto, developed or vestigial. 

■ting events. 


INTRODUCTION 


The old-fashioned taxonomists were interested to a limited degree in 
the morphology , anatomy, distribution and economic uses of their plants. 
Nowadays, however, it is impossible to carry out successful taxonomic 
research without a thorough knowledge and real understanding of the ex- 
perimental morphology, cytology, ecology and general biology of the group 
with which one is working. This book is primarily, but by no means exclusively , 
designed for the taxonomist who is anxious to improve his methods and broaden 
Ins outlook. At the same time it offers to the general botanist working on the 
Pteridophyies the necessary fundamental facts about the group and a survey 
of the chief results of lines of investigation related to his own. / 

Besides this, certain branches of the subject are dealt with more fiilly, 
because no good surveys of them have been published. Though the existing 
literature has always been considered, no attempt has been made to review 
the whole of it. This manual is not, and never could be, an exhaustive mo- 
nograph, it is rather a collection of essays. The editor has always urged his 
contributors to give more space to new ideas than to an academic summary 
of established knowledge. Comparatively little space has been allowed to 
stibjects which have been treated at length in recentbooks,e.g. ontogeny , or the 
classification of the fossil Pteridophyies. In this way more room has been 
found f 07^ topics in greater need of treatment, and duplication has been avoided. 

In aims as well as in method of treatment it follows closely the same editor' s 
''Manual of Bryology" [The Hague, 1932). 

It is hoped that these two Manuals will provide those working on the Arche- 
goniatae with a new breadth of view and help them to put their problems and 
results in a truer perspective. 


FOREWORD 

by 

F. 0. Bower, F.R.S. 


An opportunity has been offered me, and gladly accepted, to write: a 
brief Foreword on the Archegoniatae. It may serve as a bridge between 
the Manual of Br 3 mlogy already produced by Dr. Verdoorx, and the 
Manual of Pteridology now presented by him. Collectivelj- these volu les 
give a general conspectus of those primitive plants of the land which take 
a pivot-place in morphological comparison, and present in its most 
pronounced form the alternating life-cycle first fully disclosed by Hof- 
MEISTER. A special feature of these volumes is that they bring together 
studies of Mosses and Ferns, not only from the laboratorj' and experimental 
garden, but also from the herbarium and the field, while Pala'eobotany 
takes an important place in them. Too often these branches of botanicjii 
science have been cultivated apart, and so are liable to be estranged: 
though all sources of the knowledge of Plants should be coordinated in 
leading to a general understanding of them, and to their natural seriation. 

A scientific Morphology of Plants may be said to have dated frcmi 185!, 
when Hofmeister’s Comparative Studies were published. Tlie reasoning 
of the earlier morphologists had been for the most part of tlie nature of 
deductive ideology, based primarily on study of the Higher Plant.s. Tlieir 
method was correctedin 1841 by Schleidek who, together witli Xaj-gici.i, 
strove to convert Botany into an inductive science, on the same footing as 
Physics or Chemistry. This aspiration was realised in the brilliant research- 
es of Hofmeister on the Archegoniatae and G5nnnosperms. His synthesis 
from below marked the birth of a Morphology founded on a comparative 
study of relatively primitive types. There followed a period of ser.rcli into 
life-histories, not only in the Archegoniatae but also in the Thallophj-tes. 
Meanwhile ecological analysis having advanced, the quest was extended 
from somatic form to nuclear detail. In 1894 came SxKAS.iURr.EK's 
announcenient of Periodic Reduction as a constant feature in the normal 
nuclear cycle for organisms possessed of sex. But for Plants at large the 
somatic phases, or “generations”, proved inconstant in their relation to it 
there are m fact three fonns which that relation may take. Examples of 
them are kpown respectively as I. Hapiobionts, such as the Algae Scinaia, 
Oedogomum, ox Chara/^h&:e there is no diploid soma: II. Haplo-diplo- 
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■"by.':"" 

J. ('.. SCJIOOTE (Gnmingen) 

5 L Historical introduction. — Since the task of any morphology is 
the study of iorrns, it sliould ahva^^s be based on an inventory of the oc- 
curring forms mnl a descri|)tum of them by means of a suitable terminology. 

Tlie tenninolog)" lV>r the Vascular Plant sporophyte, being recast and 
improved In* Ijxnk, in that shape offered a satisfactory basis for the 
taxonomical di'scri|>t ion of the Pteridophytc species. 

A judgment; t)u the mut uai relations of tlie different Pteridophytc orders 
and on their relation to P>ry<»])liytes and Spermophytes, was still much 
impeded by laek tsf lmowii?dge about the gametophyte and the alternation 
of gcneratiojjs: so Lin'NK himself .still included Lycopodium in the Musci 
and the C'yeacis in the L'ilicinac (Genera Plantarum). 

In th(i first lialf of tln^ nineteenth century botanists, stimulated by 
I-Ji’invioV success in discrjvering tlie sexual reproduction of Bryophytes 
(1782), diligently searched for sexual reproduction in Pteridophytes. 
How(‘ver as tiny were conviiu'ed that Pteridophytes were only imperfect 
Spermophytes, their line of eii([iiiry followed curious paths. The sporangia 
usually being looked upon as fruits, fertilization was imagined to be 
brought about in the most different ways, by the involucre, by the annulus, 
or by certain hairs; the spores of Equiseium on the other hand were mostly 
considered to be fkAvers, consisting of an ovary with four surrounding 
stamens. 

A. P. DM (bxxmuj.M gave an interesting survey of these opinions in 
1827 ^). The name of *‘spore or gongyle*' is considered by him as a very 
apju'opnatc* non-commit lai name for those organs of which it is still 
unknown whether tliey are fecundated or not; if they are, of course they 
really are seeds, if not, they are bulbils. The only Pteridophytes offering 
less difficulty accf)rding to the opinion of these days were the heterospores, 

’) A. l\ DK ('axdoujc Organographie vegetale, Paris 1827, II, p. 1 19. 
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for instance of Pilukria and of Marsilia oljvionsly 
the mcgaspoiang r,isti]s and the microsporangia being sessile antliei s 

betag and ^ ,„egplical>ln wby 

bSt;: and fen.al? organs «hilc LycoHi..,. and Ps.7«„„„ 

.bmgs omy c.„.o gna,I„a..y. Tl,,. 
fjt observations were those on germinating spores, revealing t lie ^exist- 
ence of a prothallus. This prothallus was generally taken to he a u, tv .edo, , 
or in the else of a cordate prothallus, to represent two cotyledons. ^ 

BiscHOFF rightly saw a difference ' ° 

in the fact that spores did not contain any part of the future plant . 

Shortly afterwards von Mohl in an excellent paper ^), by comparison 
came to the conviction that the spores in no respect resembled seeds oi 
ovules, but that morphologically they were related m a staking uav v 
poUen grains. As however their life cycle was wholly different 
obliged to admit that they yet were different from pollen grams. 

rLi progress could only become possible after the discovery of tl c 

anSrfnd at the same time ol the spermatoboids by 1 84^ 

Se aathor however did hot conceal his donbt as to the .mpottance ol ks 
discovery, the position of the antheridia on the cotyledon being so strange 
that it “fast nicht denkbar ist welche Beziehung sie hier zur Befruchtung 

der Sporenzellen haben konnten ^). 

Four years afterwards Count Leszczyc-Suminski discovered the archc- 
gonia s); though his observations in many respects were .still detectnv. lic 
even saw the entrance of spermatozoids into the neck cana . i.-t <.ont...usioii 
was that the Ferns no longer could be included in the Cryptogams, and 
that it would be better to transfer them to the Monocotyledons (on account 
of tlieir single cotyledon, the prothallus) . 

When after the study of these papers we consult the famous 
Hofmeister of 1851, we are struck with admiration for Hofmeisuck s 
genius. Indeed this modest volume of 142 pages text has been something 
like a flash of lightning. Without a single word of introduction it liTais n 

1) G. W. Bischoff, tiber die Entwicklung der Equiseten, insbesondeirt dc-i 
Equisetum pahisire, aus den Sporen, Nova Acta 14, 1828, p. 779. 

2) H. VON Mohl, Einige Bemerkungen tiber die Entwicklung und den Ban dei 

Sporen der cryptogamischen Gewachse, Flora 16, 1833, p. 33. 

3) C. Nageli, Bewegliche Spiralfaden (Saamenfaden ?) an Larivn. Ztntsehr. i. 
wiss.Bot. 1. Heft 1844, p. 168. 

l.c. p. 184. 

S) J. Leszczyc-Sumii^ski, Zur Entwickelungsgescliiclite der Furnkrauter, 
lin 1848. 

») W. Hofmeister, .Vergleichende Untersucb ungen der Keiniitng, ICtitialtung 
,, und Fruchtbildungdioherer Kryptogamen und der Samenbildung der Coiuferen, 
lleipzig 1851. 
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rniinlx'r ol ^I<.)sses, Pteridophytes and Conifers from several aspects, 
especially dealing with the cell divisions giving rise to stem and leaves, and 
also with tlieir reproduction. At the end a three page "Riickblick" foUows, 
giving tlie full tlieory of alternation of generations in two pages, the third 
being reserved for the resignation of all hope of discovering differences be- 
tween stem and leaf in the cell division order. 

Not <jnly l)y this work was the life history of Pteridophytes established, 
not only was their full cycle of morphologicai features made knowm, but 
niorer>ver a higbdight was thrown on their affinities to both Bryophytes 
and Sperniopliytes, clearing the way for a natural system of the great 
plant groups. 

Theoretically the way was cleared too for the idea that Pteridophytes 
are not to be understood from the knowledge of flowering plants, but that 
on tiie contrary the flowering plants up to then had been wrongly supposed 
to be understood, and that they had to be taken as a highly specialized 
and hardly recognizable branch of the Pteridophytes. In practice it took 
more than lialf a century before this view became commonly held, as the 
flowering plants being dominant, were much more studied, and the feeble 
modern remnants of Pteridophytes were less accessible. 

A great improvement in this respect was reached by the discovery of 
numerous new fossil types, especially of the Psilophytinae, By these 
disc(.)veries the range of the Pteridophyte canon of morphology was much 
enlarged and a much better survey of the underlying principles became 
available. As we shall see in the following pages this survey shows a plant 
group in which a number of different solutions for one and the same 
prolilem lia\'e been clal^orated, a single one of which has been preserved in 
the SpetTnt)j)]iytes. 

vSoine general references to literature: the only special Pteridophyte 
mor[)hnh )gy as far as I know up to the present, has been written by Ve- 
LEXO\'SKV ^). Fc)!' further literature we may refer to Engler & Prantl 
Goebel IIirmek and specially to Bower ^), where the most recent 
pa,p(n's ma.y be found. 

§ 2. The common principles of Pteridophyte morphology. — Be- 
cause of the great range of variation in the Pteridophyte morphology the 
principles common to all members of the class are relatively few. They are: 

^ J . AivLENovsK 3 L Vergl. Morph, d. Pflanzen, I, Prag 1905, p. 152-277. 

'•) Jlxglicr & l^RAXTL, Die iiatiirlichen Pflanzenfamilien, I, 4, Leipzig 1902. 

KL vox OoKBEL. Organographie der Pflanzen, 3rd ed, II, Jena 1930, p. 1039- 

‘P M. Hirmek, Ilaridbudi der Pal^obotanik I, Munchen und Berlin 1927, p. 147- 
F. O. Rower, Primitive land plants also known as the Archegoniatae, London 
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1 . the occurrence of an antithetic alternation of generations, the two 
generations being a small and lowly organized haploid ga,iner< )])h vie, 
usually called the prothallus, still more or less adapted to aquatic life or to 
life in a moist medium, and a large and highly organized diploid spf )ro| )h yt e , 
adapted to terrestrial life and provided as such with vascular tissue, witli a 
cuticle and with stomata; 

2. the occurrence in the gametophyte of antheridia and arcliegonia of a 
specialtype of organization ; 

3. the occurrence in the sporophyte of a stem with apical growth ; 

4. the occurrence in the sporophyte of sporangia of a special type of 
organization. 

Moreover a number of organs may be present in a larger or smaller 
proportion of the Pteridophytes, which by adding essential parts to the 
morphology of these groups deserve special treatment here. Firstly tiie 
embryo may be provided with special organs which evidently are adap- 
tations to the conditions of embryonic life, the suspensor and the foot. In the 
second place the adult sporophyte in the large majority of cases produces 
roots, leaves and sporophylls, and often strobili. 

Further a number of Pteridophytes bear organs about which the 
opinions of botanists are widely divergent : the Psilotum sporophyli, the 
Sclaginella rhizophore, the stigmarian axis, the stigmarian rootlet, the 
Isoetes stock base, the Pleuromeia stem hQ.se, and the N athorstiana stem 
base. 

The following paragraphs of this chapter wall according]}'^ be devoted 
successive^ to the prothallus (§ 3), the gametangia (§ 4), the stern (§ 5), 
the sporangium (§ 6), the root (§ 7), the leaf (sterile leaf and s|)fjro|,)h 3 iI] 
(§ 8), the strobilus (§ 9), special parts of the embryo (§ 10), organs whicli 
have given rise to controversies about their morphological nature (§ 11) 
and appendages of the surface, hairiness (§ 12). 


§ 3. The prothallus. — Unless reduced the prothallus is a green auto- 
trophic pluricellular body, of comparatively low organization. 

Its shape varies to such a degree that no general rules can be gi\’en ; h 
mQ,y be like a moss protonema, consisting of a branched system of filiform 
cell-rows [Schizaea ) ; it may be like a foliaceous liverwort, flat, dorsi\’entral 
and prostrate {Aspidium), it, may be cone-shaped or cylindrical (Lycopa- 
dmm spp). 

When it is attached to the substratum, this is brought about lyv rnetins 
ofrhizoids. 

In some cases the prothallus shows a certain differentiation tjf its ])arts ; 
in the different orders this differentiation does not follow the same lines 
and evident ly it is of polyphyletic origin ^). Thus there mat' be lobes 
R. Orth criticizes (Morphologische and physioiogisebe Untersnehungt^n an 
, Farnprotballien, Planta 25, 1936, p.; 104) the "artificial" taxonomical systems of 
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siiowinj^, ti c Cl i ain i escinblance to leaves {Equisetu^n, Lycopodium ccynuum) , 
or tliei e may be serial ate parts with a peculiar siiaj)e in which the game- 
tangia are formed {Lycopoduim clavcdtim, apical part of top-shaped prothah 
Ins, Trichomanes, archegoniophores). In many cases brood-tubers may be 
formed, enabling the gametophyte to resist injurious conditions. 

Many ])i othalli undergo a certain amount of reduction. A not uncommon 
feature is tlie loss of chlorophyll, in which case free-living prothalli get 
their organic matter by symbiosis {Psilotum, m2iny Lycopodium spp.). 

Another kind of reduction., often combined with loss of chlorophyll, 
is tlic reduction in size and in number of cells in the prothalli of hetero- 
spores. Tlie megagametophytes as well as the microgametophytes mostly 
remain inside the spore wall or slightly protrude from it; the number of 
cells may become so small that a microgametophyte only consists of one 
antheridium and a few, or even only one, prothalius cell. 

In all these cases the development of the prothalius as well as that of the 
gametes is executed mainly or wholly by means of the nutritive substances 
deposited in the spore, from the sporophyte. Inthemegagametophyteeven 
the developnient of the embryo and the young sporophyte to a certain 
extent is provided for from the same source. 

§ 4, The gametangia. — The Pteridophyte gametangia on the w^hole 
are of a rather uniform construction, following mainly the same lines as in 
the Bryo|3hyta: they always consist of a sterile cellular wall covering the 
gametes. " , ■ • 

The antberidia, usually being more or less globular, may be more or 
less embedded in the prothalius tissue. At maturity they either open by 
sej unction of the wail cells at the apex or by disintegration of one large 
apical cell. Tliey always produce two or more usually numerous sper- 
maT3.)Zoids, whicli are more or less spirally coiled cells wdth two {Lycopodi- 
um, Seiuginella) or numerous cilia {Equisehm, Psilotum, Isoeies, Filicinae). 

The archeg<>nia, being always embedded with their basal part in the 
j)r()thallus tissue and only the neck protruding more or less, do not quite 
show the typical flask shape of the Bryophyte archegonia. Every arche- 
gonium contains one large basal egg cell and a row of a varying number 
of canal cells. At maturity the neck opens at the top by sejunction of the 
apical cx‘lls while by the disorganization of the canal cells the way to the 
egg cell is made free for the'spermatozoids. In some cases {Psilotum) the 
opening of the neck ensues by the throwing off of its upper part. 


Ferns, V)ased exclusive! r on the differences in the annuli, the construction of the 
sporangia and tlie indiisia and on sorus distribution; he wants these systems to be 
rcplace<l by a ‘'natural” system, based on the developmental history and the 
morphology of tlie gametophyte (see especially p. 149). 

Probably most taxonomists will not yet be inclined to go that length. 
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§ 5. The stem. — A. General Properties. In our § 2 the stem. lias 
already been characterized by its apical growth. Indeed the universal > 

possession of a vegetative cone, adding again and again new young paii;.s to 
the mature ones, is as essential for the stem morphologically as it is fr(jiTi 
a physiological point of view. 

We cannot reverse the thesis and say that every part of the ])]ant witli, an 
apical cone is a stem, as the root always and the leaf in maiyy cases, at 
least temporarily, are formed in the same w^ay. No more can wc say that 
the apical cone in the Pteridophytes is a peculiar feature, a new acquisition, 
as the stems of many Algae like Fums already have it in the same way. 

The striking properties of vegetative cones of course have often captivat- 
ed the attention of botanists; what we find in literature on the topic is ^ 

however practically limited to observations on the presence or absence of 
an apical cell, on the order of cell division, the direction of partition walls, 
and further, on the earliest differentiations of new organs in the cones. 

Yet it is not the cell network which gives the peculiar power to the cone, 
nor is the production of new organs its chief property. In the unicellular 
apex of Cmderpa or of the Sphacelanales the same forces are present 
without any cell network; cones with and without apical cells are alike 
in their achievements, and many cones, for instance most root cones, never 
produce new organs. * 

The vegetative cone is to be taken as another consequence of the general 
faculty of living beings to form their different parts according to different 
laws, by means of the activation of different morphogenetic forces. This 
faculty applies equally well to the different parts of a ceil as to tlie parts 
of a tissue. It is the cause of the different plastics of different parts ; it may 
also give rise to different physiological properties. 

In the case of the vegetative cone its chief property, the power of adding- 
new parts to the mature ones, is restricted to a very limited area. As in 
most similar cases, that of the cambium for instance, it is accompanied by a 
marked difference in plastics between the active ceils and other cells c^f the 
plant, the former being meristematic. The apical meristem is furtlun* '1^ 

characterized by a most remarkable but quite unexplained rcgeiK*ration 
and concentration power; the parts adjoining the mature tissues differ- 
entiating in their turn, the, special forces in the centre of the meristem are 
always concentrating and never disappear. 

It is exactly the mode of, concentration which furnishes the great differ- 
, ence from intercalary meristems, cambia and marginal meristems: in the 
intercalary meristems and in the cambia the concentration is directed 
towards a plane, in the marginal meristems it is directed towards a line and 
in the apical meristems towards a point, the so-called vegetative point. 

As a consequence of this mode of growth we may take the paraboloid sliape 
of the vegetative cone. ' , 

: The backward concentration in ,a vegetative cone usually works witli 
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an astonishing; to be a general property of all 

vegetative cones that in some abnormal specimens, more or less subject to 
exceptioiialiy vigorous growth, the mode of concentration changes. The 
central area in such cases loses its circular outline, it becomes elliptical or 
even almost ribbon-shaped, the concentration now being obviously direct- 
ed towards a line. In such a way the stem apex becomes cuneiform, and a 
fasciation of the stem is the result. 

Continued growth of a fasciated stem usually tends to exaggeratation of 
the fasciated condition, the 'Vegetative line’' growing longer and longer, 
and the stem becoming broader and broader. Probably this is due to the 
fact that the surrounding meristematic tissues which in the normal cone 
increase in all three dimensions, continue to grow in about the same way, 
but that their tangential growth for which in the normal paraboloid cone 
room is provided, here has the effect of stretching out the thin apical line. 

Usually after some time the vegetative line is broken up and consequent- 
ly the apex itself, instead of remaining cuneiform, is divided into two or 
more pieces which may themselves be elliptical or circular: in such a way 
the fasciation is accompanied by a dichotomous ramification ^). 

Fasciation has been observed in Pteridophytes as well as in Gymnosperms 
and Angiosperms, in stems as well as in roots. Though the real nature of 
fasciation may be quite unexplained as yet, we may be sure that its causes 
must be connected with the essential properties of the vegetative cone it- 
self, and perhaps the study of fasciation may incidentally afford the means 
of getting some insight into the mysteries of the vegetative cone. 

It need hardly be mentionedthat the growth by an apical meristem 
confers a polar character on the stem, to be exact, a unipolar or heteropo- 
lar one. ■ ■ ■ ■ 

B. Form of stem. The paraboloid shape of the vegetative cone usually 
entails a cylindrical form for adult stems; only in dorsiventral stems may 
the transverse section get an elliptical or other form owing to the different 
morphogenetic forces acting at opposed sides of the vegetative cone. 

It is only in very rare cases that the stem form may become more com- 
plex; such a case is found in the stem of MaUeuccia Stmtkioftevis and 
some other ferns, where “epidermal pockets" are developed over the 
leaf insertions. These cavities may extend even into the pith. 

They have a superficial likeness to leaf -gaps, but as Mekel has shown 
convincingly they are due only to growth differences, not to any intrusion. 
Gwynne- Vaughan once speculated about the possibility of a fusion of 

h This paper being already in type, the point of view taken by the present 
author has been worked out in: Fasciation and dichotomy, Rec. trav. hot. 
neerl. 33, 1936, p. 649, where instances are given and the literature is 

reviewed. 

-) J. C. Mekel, Die Entwicklimg des Stammes von MaUeuccia Sivuthioptevis 
insbesondere die der Hohlungen, Rec. trav. hot. ,n6erl. 30, 1933, p. 627. 
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these pockets 1) wliich' would give rise to a stem having the form of a, 
lattice-work tube, in the same way as a fusion of leaf-gaps gives rise to a 
pith. The difference however is that while leaf-gaps are due to the centri- 
petal extension of stimuli which may fuse, the endodermal pockets never 
can surpass the limit of the original circumference of the stem at tlie tiine 
of their formation. 

C. Origin of stem. The main stem of a Pteridophyte always or nearj v 
always is formed directly from the embryo. It is only in some Lycopodium 
species and in that a protocorm, a tuberous body, is formed 

first which in its turn produces one or more stems; about tin's protocorm 
see § 11. 

Usually every plant forms a number of stems the greater part of which 
arises by ramification of the main axis, as will be dealt with at length sub 
D. In a minority of cases however stems may be produced from roots or 
from leaves. 

Cases in which roots form buds are rather rare : Ophioglossimi furnishes 
a well-known instance ^). 

Buds on leaves are rare in microphyllous plants {Isoeies ^)), but frequent 
in ferns. Usually they are formed accurately in definite places, which 
may vary in the different species. According to Kupper these positions 
may be: at the lamina base only; on the main rachis in the pinna axils or 
at the pinna bases; on the lamina itself; on the terminal pinna only, at its 
base or near its apex; on a specially elongated main rachis with small 
pinnae; at the apex of the main rachis; on leaf-runners without any pinnae. 

In all cases the stem seems to arise exogenously. In the literature known 
to me only one instance has been reported of an endogen()usformatic>n, 
for the sporeling of Equisehim. Barratt found that whereas all brancites in 
Equisetum always arise exogenously, only the first branch of the main axis 
is formed in the interior of the stem, about at the level of the endodemiis 'q. 

The transverse section figured by Barratt (fig. 5) seems quite (amvin- 
cing as a proof. Yet in view of the remarkably exceptional character of t ho 
case caution seems advisable. The bud in question is formed either at 
the first node or under it, sometimes even a considerable distance iin(k?r 
the first leaf sheath. Now it might be possible that the space in wliich tin* 
bud develops was connected by a canal or pocket witli the axillary s|;)ace 

B. T. Gwynne-Vaughan, On the possible existence of a fern stem Iniving tin? 
form of a lattice- work tube, New Phytol. 4, 1905, p. 21 1 . 

q Goebel, op.c. p. 1221: Engler & Prantl, op.c. p.46i; M. \V. Beveiuxck, 
Beobachtungen und Betrachtungen iiber Wurzelknospen und Nebemvurzeln, 

Kon. Akad. v. XVetensch, Amsterdam, Afd. Nat. 25, 1886, see p. 15. 

q Goebel, op.c. p. 1220. 

q W. Kupper, Ueber Knospenbiidung an FarnbUittern, Flora 96, 1906, ]>. 337. 

q K. Barratt, A contribution to our knowledge of the vascular system of tlm 
genus Equisetum, Ann. of Bot. 34, 1920, p: 201, see p. 208. 
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of tlie first leaf slieatli over it ; in that case the conditions would be a parallel 
to the pseiido-endogenous buds oi Angiopteris ^) and of Dracaena 

D. Ramification. A not strictly essential, yet rnost important character 

of the stem is its raniificatioii. 

Certainly in any plant at least part of the stems will remain unbranched 
throughout life. Yet the faculty of branching, of producing new vegetative 
cones giving rise to daughter branches, is of general occurrence and is quite 
indispensable to the life-cycle of nearly all Pteridophytes. 

L K i n d s o f r a m i f i c a t i o n. As to the mode of production of 
new vegetative cones it is customary to distinguish between dichotomy, 
lateral and adventitious branching. 

Dichotomy is the splitting up of the vegetative cone into two parts, 
recalling the simplest case of splitting in fasciation ; lateral branching is 
the development of a new vegetative cone in a lateral part of the stem apex 
and adventitious branching is the production of a new cone in adult tissue. 

This distinction, though seemingly absolutely definite and clear-cut, 
on closer examination loses much of its pregnancy. In the first place be- 
cause of the tact that all graduations between dichotomy and lateral 
branching occur ^) . Dichotomy approaches lateral branching as soon as the 
two daughter branches are not of equal size. In such cases the stronger 
branch, as occupying the greater half of the podium, . grows out in a 
direction less diverging from the original podium direction than the weaker 
branch which is crowded, somewhat aside. This gradually leads to a con- 
dition in which the stronger branch is the direct continuation of the 
podium, tlie weaker branch being quite lateral in position. 

In the second place we have transitional stages equally between lateral 
and adventitious buds; moreover in practice there is usually great un- 
certainty about the time of initiation of any given bud ^) . 

Yet, notwithstanding these difficulties, there remain clear cases like 
the dichotomy of Lycopodium Hipp'ims, the lateral branching of Equisetum 
and the adventitious branches of Rhynia Gwynne-Vaughani, and on the 
wdiole the distinction is not only serviceable in most cases, but it even has 
some taxonomic value in so far as dichotomy, with transitions to lateral 
branching, is the prevailing mode of ramification in the Psilophyiinae, the 
Psilotinae and the Lycopodiinae; lateral branching with transitions to 

q W. Docters VAX Leeuwen, Ueber die vegetative Vermehrung von Angiopte - 
yis cvecia Lloffm. Ann. de Biiitenzorg, 2nd ser, 10, 1912, p. 202. 

q J. C. ScHOUTE, Ueber die Verastelung bei monokotylen Baumen III, Die Ver- 
iistelung einiger baumartigen Liliaceen, Rec. trav. bot. neerl. 15, 1918, p. 263. 

q Ad. Broxgniart, Histoire des vegetaux fossiles, II, Paris 1837, p. 3. See 
mo.reover J. C. Schoute, Beitrage zur Blattstellungslehre II, t)ber verastelte 
Baumfarne und die Verastelung der Pteropsida im aligemeinen, Rec. trav. bot. 
neerl., 11, 1914, p. 94, especially in the object from Sendoro. 

q Schoute 1914, l.c. p. 165. 
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oiichotoroy prevails in the Filkinae, the Ariiciilatae only have 

lateral branching, the Proioarticulatae with their more or less dichotojuous 
branching only excepted. 

IL Spatial relations ofbranches. The brandies of a 
branch system usually are not distributed at random without any order. In 
most cases certain laws may be found governing their arrangement, laws 
to which up to the present botanists have not paid sufficient attention. 

These spatial relations may be reciprocal relations between the liranches 
themselves, relations to the nodes of the stem, relations to the leavers, or 
finally combinations of these. 

a. Spatial relations be tween the b r a n c h e s o f a 
branch system. 

1. In plants with equally dichotomizing stems. 
In these cases the two daughter branches, equally dividing the availaiile 
space at the top of the podium, are always opposed ; there is no opportunity 
for additional rules. Successive dichotomies however may show a definite 
reciprocal orientation of their division planes. 

So in Psilotum triquetrum the successive planes are at right angles to 
each other, ensuring in this way a satisfactory spatial allocation of the 
erect branches, and no doubt the same relation which has been recently 
termed cruciate dichotomy by Troll ^), occurs in many other plants too. 

Another condition is that the successive dichotomies all have tlieir 
planes parallel, so that all branches fall into a single plane. This condition, 
called flabellate dichotomy by Troll, is observed in some dorsiventral 
branch systems as in Lycopodium complanatum, Phegopierk Dryopteris 
dJiALygodium scandens^). 

According to Troll these two modes are due to the general symmetry, 
other conditions not being possible. For the flabellate dichotomy the 
dorsiventral nature of the stems may indeed be responsible. For tlie 
cruciate dichotomy however I cannot admit this, radiate symmetr}*' not 
being itself a principle in the plant, but only a lack of differentiation of the 
morphogenetic forces at the different sides of the stem. 

Indeed, though other stable conditions have not come to my notic(,?, 
they might very well be possible, and in any case there are instances of 
radially symmetric stems in which the successive dichotomies are indepen- 
dent of each other in direction. In Lycopodium carinatum I found the per- 
fectly equal dichotomies following each other at any angle; in one and tlu' 
same shoot system rectangular, oblique and parallel positions of the planes 
being equally represented. 

Similar conditions have been reported in literature for other species. 


> h W. Troll, GmndsatzHches zum Stigmarienproblem, Flora 129, 1934, see]). 99. 

") For illustrations of the two last mentioned cases see VOsLExovsKy, op.c. i). 248 
and 249, 
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'Cramer^) writes about L. Selagoi ^‘Die successiven Verzweigungsebenen 
biideii alle ni(3gliclieii ^^inkel niit einander, die Verzweigungsricbtung un~ 
teiiiegt also keinem Gesetz. Icli babe mich davon aiich bei der LTiiter- 
siicbung junger Zustande iiberzeugt^^ and illustrates this by three diagrams 
of three plant individuals (PL 32, fig. 13-15). And Hegelmaier found in 
Z. that the dichotomies usually follow under an oblique angle, 

sometimes rectangularly; in L. Sdago he could not find a fixed relation 
at all.' 

Obviously the cruciate dichotomy, where it occurs, is due to an effect 
of the lower dichotomy on the next higher one, an effect not to be found 
in L, carinatmm^nA L, Selago, 

2. 1 n 11 n e q u a 1 1 y dichotomizing stems. Plere the 
conditions are somewhat more complicated, as the successive larger branches 
form a more or less perfect sympodial axis, whereas the smaller branches 
may show reciprocal spatial relations. 

Of these a single one is very well known, namely that of the flabellate 
dichotomy, where alternately the right and the left branch is the stronger. 
In the dorsiventral shoot systems of Lycopodium vohtbile we have fine 
instances; the relative strength of all branches being very accurately regu- 
lated in these cases, the shoot system in outline resembles a fern frond. 

Of radial shoots with unequal dichotomy no reliable data were available, 
though the subject would certainly repay an investigation. There is some 
probability that at least in some cases the smaller branches will be arranged 
in a regular cladotactical system, though in other cases they may be 
arranged without any apparent regularity; cf. § 8 B IV. 

3. In laterally branching stems. Here we have 
striking examples of regular cladotactical systems. 

In Ulodendron, Lepidodendron V eltheimianum and other related forms 
the large scars which undoubtedly bore some kind of branches are placed in 
a regular distichous arrangement, quite independently of the complicated 
phyllotactical system. The main axis here sometimes follows a zigzag course 
from one branch to the other; this has been illustrated by Schenck ^). It 
is clear that such a cladotaxis can only be due to determination of the 
place of higher branches by the lower ones, just as the place of higher 
leaves is determined by lower ones: these two parallel processes must have 
been present in the same stem, independently. 

Perhaps still more striking is the case of the Halonia branches of 
Lepidophloios where the lateral branches are arranged in a more complicat- 

q C. Cramer, tlber Lycopodium Pflanzenphysiologische Untersucliun- 

gen von Carl Nageli and Carl Cramer, 3. Heft, Zurich 1855, p. 10. 

F. Hegelmaier, Zur Morphologie der Gattung Lycopodium, Bot. Ztg 30, 
1872, col. 773, see col. 826. 

q K. A. ZiTTEL, Hand biich der Palaeontologie, Munchen Leipzig, II Palaeo- 

phytoiogie 1890, see p. 192. . . . . 
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eel spiral: a specimen pictured by Goldenberg i) of Lepidophloios lavi- 
cinus with four branch parastichies seems to have had an arrani^emcnt a fter 
a system 4 + 5. 

/?. Spatial relations to nodes of stem. Relations of 
this kind evidently are only possible in lateral branching. They occur only 
in the class of the Artioulatae, where they seem to have been present in ail 
members, probably only the Protoarticulaiae excepted. The relation is 
that the production of branches is only possible at the nodes of the stem, s(j 
that a certain relation to the leaf production ensues. 

In the distribution of the buds on the nodes great differences may be 
observed. We may have stems which are quite unbranched in the aerial 
part {Catamites spp. of the group Stylocalamites) , where the ramification is 
limited to the subterranean stems, and to the production of lateral fruc- 
tifications. 

In other cases the stems may branch at every node {Calamites spp. 
group Eucalamites; Equisehm arvense, sterile shoots), the number of 
branches at a single node varying from two (or one ?) to many. 

In still other cases the production of branches is limited to some of 
the nodes, in a regular rhythmic order {Asterocalamites Lohesti ^), Calami- 
tes spp. group Calamitina), every single fertile node following after one 
{Asterocalamites) or after a number {Calamitina) of sterile nodes, a rhythm 
accompanied in the latter case by an apically increasing lengtli of the 
successive sterile internodes. The fertile node in these cases bears a number 
of branches. 

c. S p a t i a 1 relations to nodes and to o t li e r 
branches at the same time. Branches borne at nodes at the 
same time may show mutual spatial relations, and indeed these occur in 
many instances. In the first place we may cite cases in whicli every node 
bears a fixed number of equidistant branches; in Calamites carinafus the 
number usually is two, in C. muUiramis and in other members of the Ca- 
rinat'us group, as well as in Asterocalamites Lohesti, the numlxu" is higher. 

In other cases however the branches, though being numerous in every 
branch whorl, seem to have been placed at unequal mutual distances 
{Catamites spp. group Calamitina, see for a good example C alamo pliyl I lies 
verticillatus as figured by Zeiller ^), and without any doubt these distances 
were strikingly different in Asterocalamites radiatus (see our fig. 1 ). 

In the second place the branches of different nodes may sliuw spatial 
relations. Often the branches of successive branch whorls alternate regii- 

h F. Goldenberg, Flora Saraepontana fossilis, Saarbriicken 1855-1862. FI. 16. 
fig. 6. 

A. Renier, Asterocalamites Lohesti n.sp,, dii lioiiiller sans houilie (11 \n] du 
bassin d’Anti^e, Ann. d. 1. Soc. g6ol. de Belgique 11 1910, p. 13. 

R. Zeiller, Bassin houiller de Valenciennes, Description de la fiore fussiie. 
Paris 1886, in litudes des gites mineranx de la France; see Atlas PL 57, fig. 2. 
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lariy {AstefocalaMites LohesU\ Calamites multiramis, large branches of main 
axis). ^ other cases the successive whorls are superposed (Calamites 
multifciMis, on the second order branches equisetiioymis). 

Ill still other cases other relations occur j in CcilciMites ccivinciiiis according 
to Hirmer 1) the planes of the successive pairs may meet at an angle of 60^ 
so that we get a cladotactical system 2 + 4 with six orthostichies. 

On the central y, in the Calamitina the successive whorls, which 
are moreovei often heteromerous, do not seem to have had any spatial 
relations.'' ■" 

Quite an isolated form of these cladotactical patterns is afforded by 
Asterocalamites radiahis. A study of two natural objects, both pictured 
from two sides in Kidston and JongMx^ns ^), reveals the following con*- 
ditions. Fig. 1 renders one of these objects in a diagrammatic drawing; the 
other object offered 
quite analogous con- 
ditions. From our figure 
it is obvious that the place 
of insertion of every 
branch lies over the 
largest gap between two 
low’^er ones, and further 
that when these two lower 
ones are inserted at differ- 
ent nodes, the higher 
branch lies towards the 
side of the lowest branch. 

The 1 6 internodes of the 
object show successively, 
as far as can be made out 
from the photographs, 3, 

1,3, 2,4, 2, 4, i,'4, 2, 6, 1, 

5, 2, 5 and 3 scars. Per- 
haps one or two scars 
have been hidden at the 
side or have become indistinct, but in any case the number of scars at the 
nodes varies very irregularly. The cladotactical system surely is not a 
whorled one, but is most like a spiral system. Its regularity however is not 
such as to make possible a counting of the parastichies. 

The most remarkable property of this arrangement is that it clearly 
demonstrates that branch formation, though only possible at the nodes, 

■’) Hirmer, op. c. p. 445, fig. 542. 

R. Kidston and W. J. Jongmans, A monograph of the Calamites of Western 
Europe, tlic Hague 1915-1917. 

K1D.STON and Jongmans, op.c. PI. 152, fig.. 1 and 2. 



Fig. 1. Asterocalamites radiatus. kitev KiTtSTQ-^ 2 irid 
Jongmans, op.c. (f.n. below),P1.150, fig. 3and PL 151, 
fig. 1 (same object from two sides). Only outline of 
specimen, internode lines and branch scars rendered. 
Internodes numbered. Reduced. 
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is not a coiisec|ii 0 nce of a certain disposition of a particiilai node, but that 
any part of any node is able to form a bud, the actual distribution of the 
buds being determined by the lower branches, just as is the case witli 
leaves in a phyllotaxis. 

In Aster ocalmnites Lohesti all this may be exactly the same, but as, at 
least in the specimen described by Renier, really every second node is 
fertile, the intermediate ones being sterile, this can not be made oat. 

In still other forms we may observe another curious phenomenon, viz the 
occurrence of two kinds of branches. These branches are placed at different 
nodes in Catamites discifer and in C. crassicauUs, but at one and the same 
node in C. midtiramis. Here we may observe that the two kinds of branches 
are independent to such a degree that the row of numerous small strobilifer- 
ous branches passes underneath the insertion of the row of larger, less 
numerous, vegetative branches, though otherwise in all ArUculatae the 
branches of one node are placed in a single row. 

^.Spatial relations to nodes and to leaves at 
the, same time. Amongst the ArUculatae the genus Equisektm is 
remarkable for another rule for the branch distribution. Though bearing all 
lateral branches at the nodes in a single whorl, the arrangement differs from 
that of all related groups, as Brongniart already described in 1828 ^), by 
the fact that every branch is placed between two leaves of the leaf-sheath 
of the node, so that the number of branches is equal to that of the teetii of 
the sheath and to that of the ribs of the internode below. In the case of 
heteromery of successive leaf sheaths the number of branches is never 
influenced by the number of ribs of the higher internode but always keeps 
to that of the lower whorl, though the branches take their origin in the 
vegetative cone from a stem part right between the two nodes . 

As far as I know Janczewski was the only author who ever pointed 
out this easily accessible fact; it has only been figured by Meyer 

In other ArUculatae there is no relation betw^een the individual leaves 
and the branches of the node. 

e. Spatial relations to leaves. 

1 . I n plants with equally dichotomizing s t e m s. 
All Filicinae with equally dichotomizing stems have a fixed relation, as far 
as observed, between the stem branching and a single one of tlie leaves, 
the so-called angular leaf of VELENOVsirf ^). This relation amounts to the 


h Ad. Brongniart, Histoire des v^etaux fossiles, I, Paris 1828, p. 102. 

E, DE Janczewski, Recherches sur le d^veloppeinent des bourgeons dans Ics 
Preles, Mem. Soc. nationale des Sc. natur. de Cherbourg, 20, 1876. p, 69. «,ni 
84. 

■ F. J. Meyer, Das Leitungssystem von Equiseimn arvense, Jabrb. f. wins. Bot. 

, 59, 1.920, p. 263, see fig. 6. 

..i, . q VELENQVSKy, op. c.p.: 249. See moreover Schoute, i.c. j). 1914 (f .n. p. 9) , p. 1 63. 
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iact thcit this cingulcir leaf ocguis on the po’diuni, at one side of the diclio-- 
toiny, just under and between the two daughter branches. 

In the equally dichotomizing microphyllous Pteridophytes no such 
angular leaves are to be observed. 

Vox Lycopodium VELENOVSKf mentions that no angular leaf is present in 
stems with a spiral phyllotaxis, but that in tetrastichous stems of Lycopo- 
dium complamhm an angular leaf is to be found on both sides of the 

dichotomy. 

As in L, complanahm the leaf pairs are alternately placed laterally and 
medicUily, of course every dichotomy has on both sides a leaf in the position 
of the angular leaf, but the fact that as soon as the phyllotaxis changes, 
even in the same plant, no angular leaves remain already demonstrates 
that these angular leaves are only angular by incidental position. The same 
conclusion is reached by an observation of the natural object. Our fig. 2 
represents two cases being 
drawn from dichotomies 
of two sister branches, 
taken at random. In A 
and B we have a case 
corresponding to Vele- 
NOVSKf ’s decription, A as 
seen from the light side, B 
from the shadow side. In 
C and D we have 
quite another distribution 
owing to the fact that the 
last whorl of the podium 
and t he first whorl of both 
shanks are trirnerous. 

Consequently the light 
side C lias no median leaf 
at all, the shadow side D 
ou the contrary has, but 
in quite another position 
from that of B. In the 
same way even those cases 
with a median leaf on both sides may vary; at the level of the dichotomy 
we may have a median or a lateral leaf pair or any intermediate condition ^). 

In Psilolmn angular leaves are equally absent; this may already be 
concluded from the fact that often the successive dichotomies follow so 



Fig. 2. Lycopodium complanatum. Herb. Univ. Gro* 
ningen, specimen from Hangsberg bei Herrnhut, 
coil. Breutel. Two dichotomies from light side (A,C} 
and same from shadow side {B,D), Enlarged. 


q After having written this paragraph I .have become aware of the fact that 
Hegelmaier (he. col. 826) reports exactly the same conditions for Lycopodium 
complanattmi, even with the incidental trirnerous whorl under the forking. 
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closely, that many shanks have no leaves at all. Yet they clichGtomize just 
as well as others. 

So the angular leaves may be considered as restricted to the Filidnae. 
For this class their importance has been denied of late by Bower on 
account of the varying mode of junction of the angular leaf trace with the 
stele. This argument in my opinion is of no value, as the downward course 
of ail traces varies according to local circumstances and is no rclial>ie basis 
for the judgment of external organization. 

For any botanist dpubting the validity of this opinion 1 might cite 
as an instructive instance the fine observations made by Stenzel on 
Dryopteris Filix-mas in which he found that the bud trace may join the 
stelar system of the leaf base in very different ways, namely having- 
been simplified in its downward course to a single solid bundle (I.c. V\. 4, 
fig. 6, 8, 9), so that the branch medulla was “formed anew’' as lie expressed 
it, or as a tubular bundle, so that the medulla of the branch was formed 
from that of the leaf base (fig. 10), or finally in the form of tiirce separate 
bundles, decurrent from a solid ring (fig. 12, 13). In an analogous way tlie 
angular leaf trace obviously join the stelar system in different wa\^s. 

2. In u n e q u a 1 1 y d i c h o t 0 m i z i n g stems. Here the. con* 
ditions are almost the same as in equal dichotomies. 

In all Filidnae we observe an angular leaf between two unequal branches, 
though sometimes the angular leaf may be shifted on to the \vea.k i)ra,rR:h 
(Pteridium aquilinum^)). And in Lycopodium the angular leaves are 
wanting in the same way as in equally dichotomizing cases. 

For Selaginella, where the unequal dichotomy prevails and which i'oin 
sequentiy has not been treated sub 1, w^e have to consider Si^iaratvly the 
numerous dorsi ventral species where angular leaves are to be fcjund, and 
the few radial species where they are absent. The former will I)e dealt 
with belo'w, sub g; for the latter I may refer to our fig. 3, repi't^senling a 
branching shoot of S. selaginoides as seen from two sides. The plivlhaaxis 
of podium and shanks being a spiral one of the main series, it is particuilarly 
clear that no angular leaf occurs. 

This has already been recognized by Al. Braun who wrote for Lyco- 
podium and for Selaginella: “Bei vieizeiliger Blattstellung lasst sicli eiii 
constantes Verhaltniss des Zweiges zu einem Blatte, das man a Is Tragblatt 
bezeichnen konnte, nicht nachweisen, indem de^ ^weig bald genaii hber 

h F. O. Bower, The ferns, I, Cambridge 1923, see p. 74, and op. c. 1935 p. 300. 

q K. G. Stenzel,, Untersuchungen iiber Bau und Wachsthuin der lUirne. 11 
Uber Verjiingungserscheinnngen bei den Farnen, Nova Acta 28, 1861, p. 3. 

q VELENOVSKy op. c. p. 250 and especially M. BitsGEN, Einige Eigentiimlichkei- 
ten des Acllerfarns, Zeitschr. Forst- und Jagdwesen 47, 1915, p. 235. 

h Al. Braun,, tlber die Blattstellung und Verzweigung der lA'copodiaceen. 
insbesondereder Cattung 5^Zag?^4/ai Verh. bot. Ver. Prov. Brandenburg, 16, 1874, 

^ p.' 60. ■ ■ ' ' 
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ein unter ihm stehendes Blatt, bald in die Lucke zwischen 2 ^-o^aus!^■ehende 

Bicker fallt;\ 

o. In 1 a t e r a 1 1 y b r a n c h i n g stems. Here a striking relation 
between the branch and a leaf may occur, but again this is only to be 
ioxindLmi\ieFilicinae,noi 
in any microphyilous 
plant. The relation, as I 
tried to demonstrate at 
length on a former oc- 
casion ^), is identical with 
that betw^een a dichotomy 
and the angular leaf, 
though because of the 
great difference between 
the small lateral branch 
and the main stem it 
amounts to a leaf and a 
lateral bud next to it. 

(Haglund & Kallstrom, Falun). Dichotomic branching 

As a rule the lateral from two sides ; specimen soaked in water and more 
branch, is situated at the transparent. Leaves numbered according to 

right or left side of the spiral phyllotaxis. Enlarged. 

.leaf insertion. In many cases however the position changes: the lateral 
branch may become quite axillary, it may be situated basally to the leaf, 
just under it, or it may shift on to the leaf-base, forming in this way a 
transition to the many stable forms of branch formation in the fern leaf 
mentioned above sub C. For particulars see my quoted paper and es- 
pecially Mettenius -). There may even be two branches near one single 
leaf insertion, one to the left, one to the right, or even four, two at each side. 

For tliose starting from the well known axillary branching of the Angio- 
spenns and trying to explain the Filicinae from that point of view, these 
conditions may seem very strange ; we should however reverse the case and 
recognize that the general tendency of macrophyllous plants is the pro- 
duction of branches in relation to one particular leaf ; as special forms of 
this tendency we have on one side the equal dichotomy with its angular 
leaf, on the other side the axillary branching, which in the Filicinae is 
represented in the Hymenophyllaceae. 

/.Spatial relations uncertain or not fixed. Of 
course the presence of stable spatial relations is more easily stated than 
their absence. Perhaps many cases of branch systems without spatial re- 
lations arc present in nature, but beyond the case of Lycopodium carinaimn 


q ScHOUTE I.C., 1914, (f.n. p. 9) p. 161. 

q G. Mettenius, fiber Seitenknospen bei Farnen, Abh. d. math. phys. KL d. K, 
Sachs. Ges. d. Wiss. 5, 1861, p. 61 1. . 

Manual of Pteridology ^ 
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treated above p. 10 , no cases can be mentioned here for the abo\'e reason. 

The only topic to be dealt with here is the position of lateral Irranches in 
the Lycofodiales of which the spatial relations have been described, very 
differently. We shall deal successively with Lycopodium Selago, Lepido- 
dendron and Sigillaria. 

L L y c o p 0 d i u m S e 1 a g 0. In L. Selago and in some allied s])ccies 
so-called bulbils are of common occurrenGe, short detachable branclu^s 
serving as a means of vegetative propagation. About theii anangeinenl as 
well as about their morphological origin the statements of the <liffererit 
authors are widely divergent. 

Mettenius wrote in 1860 that the bulbils are placed at tlie side ui 
the leaf-bases. Hegelmaier on the contrary found them to (jcciir in the 
place of a leaf s). VELENoysKf again reports them to arise ^VAvischen den 
Blattern ohne alle Orientierung zu den letzteren’^ in L.innnd at mn and 
in jL. Selago he mentions them as placed ^^unregelmassig zwischen den 
Blattern an der Achse, indem sie die Ordnmig der nachsten rarastichen 
storen’b Lastly Czurda like Hegelmaier finds them in the place of the 
leaves when they are few in number ; as soon as they become numerous the 
whole phyllotaxis becomes irregular ®). In his diagrammatic drawing Idg, 1 
we see that most bulbils take the place of a single leaf, but some of them of 
two superposed leaves. 

My own observations on some L. Selago plants from Alp Palu in vSwitzer- 
land belonged to the simpler cases of Czurda, all bulbils taking the place 
of a single leaf without causing more disturbance. 

Summarizing these data we may say that the bulbils in any case disturb 
the phyllotaxis in so far as by their presence one or sometimes two leaves 
are wholly omitted; when the}^ are numerous the whole phyllotaxis losc‘S 
its regularity. A spatial relation of any bulbil to any particular leaf is in>t 
recognizable; the bearing of these facts on the phyllotaxis will be discussed 
later in § 8 sub A IV. 

h R. Wilson Smith (Bulbils of Lycopodium luciduliim, Bot. Gaz. 69, 1920, p. 
426) tried to solve the question of their morphological origin, on the basis of modern 
technique and serial sectioning; he concluded from the nature of the biillul trat'.e, 
that the bulbils should be metamorphosed leaves: a new argument for the ineffi- 
ciency of anatomical research in morphological questions. 

The same result was reached on an experimental basis by S, Wil.i.]a:ms (A 
contribution to the experimental morphology of Lycopodium Selago, with sf>ecial 
reference to the development of adventitious shoots, Trans. Roy. Soc. Kdinh. 57, 
1933, p. 711) ; the descriptions of the regeneration products and the drawings do not 
however warrant any conclusion. 

Mettenius, l.c. p. 628. 

») F. Hegelmaier, Lc. (f.n, p.. i 1), col 841. 

^) VELENovsi-cy, op.c: (In. p. 3), p. 257, 

y. Czurda, Zur Kenntnis der Brutzwiebein von Lycopodium Selago und A. 

; Flora 1 16, 1923, p. 457. 
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2 . Lepidodendron. The distichous ulodendroid scars of L. 
Veltheinnanum hme been quoted p. 11 as examples of a cladotactical 
system. It remains however to be investigated, especially after taking cogni- 
zance of the facts related for the Lycof odium bulbils, as to how far the large 

corresponding branches disturbed the phyllotaxis. 


Many drawings or photographs of the large scars amidst the small 



Fig. 4. Lepidodendron Volkmannianuni, After Stur, op.c. (f.n. below), PI. 23 (40), 


fig. 3a, (actual stem) 3^?, Zc [impressions). 

leaf scars seem to demonstrate that though the phyllotactical system 
above the branch scar resumes its original pattern, at the actual place of 
insertion a great number of leaf scars has been suppressed. The fine drawings 
by Fahrenbauer in Stur however, clearly demonstrate that a large 
part of the apparent branch scar was clothed with epidermis and bore 
numerous small leaf scars, only the centre (the “Nabel’') being the insertion 
of the branch. About the completeness of the phyllotactical pattern these 
drawings give no information. 

b D. Stur, Die Culm Flora, Abb. k.k. GeoL Reichsanst. 8, Wien 1876-77, see 
PL 21 (38), 22 (39). 
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As Stur himself already compared these large scars to the Lycopodium 
bulbils which he believed to be axillary productions, he tried to pro\'c the 
axillary position -of the Lepidodendron branch scars too.^ He ther(h<jre 
looked for objects with smaller “bulbils” amongst the Lepidodendra, and 
once succeeded in finding them in a specimen of L. Volkmamnanimi, Ihe 
object consisted of the flattened stem itself and moreover of the two dilfcr- 
ent impressions in the rock (our fig. 4) ; four “bulbil’ ’-scars in total being 
present Two of them are to be seen in the right impression, the cross 
higher up only indicating the place where a further scar might have^ been 
expected. Two others are present in the left impression, in such positions 
as to make clear that the four scars together formed a distichous system. 
The small preserved part of the actual stem only contains a single scar, tlu* 
same as the lower one in the right impression . 

From these figures it becomes clear that the branch scars are |)laced 
between the leaf scars in the only possible way : obliquely ovei one of the 
asymmetric leaf scars. A definite relation to any one of the leaves is not 

to be assumed, the more so as we see that in the left impiession tlie in- 
sertion of the two branch scars is different in so far as the higher one is in 
contact with a lower scar on its left, the lower one with a leaf scar on its 
right. 

Moreover and this is the reason why the figures have been reproduced 
• here — it is obvious that the whole phyllotactical pattern is distuibcd in 
the vicinity of the branch scars, as only the higher branch scar of the left 
impression is surrounded by unchanging leaf parastichies, wheieas tlie 
three other branch scars all have changes in the parastichy numbers just at 
their place of insertion. 

Our conclusion may therefore be that these branch scars, whatever they 
may have been, in their spatial relations showed analogy to the bulbils 
of Lycopodium as described above. 

3. S i g i 1 1 a r i a. In the different species of Stgillciria the strubiliferous 
branches were borne in various ways, as may be gathered ir<un the fine 
drawings in Zeiller ^), some of which have been reproduced in our iig. 5. 

In 5, elegans [Sa) they were borne more or less exactly in whorls, tlulr 
number in a whorl being far less than the number of leaf ortliostichies. In 
the branch whorl the individual branches were placed at varying distances 
and indiscrimately in a leaf orthostichy, between two ortliostichies or in 
an intermediate position. 

In other species, like S. tesselata, the branches were locally more numer- 
ous and were placed in vertical rows between the leaf orthosticfiies, either 
without causing any disturbance of the latter (56) or disturbing tlie 
phyllotaxis more or less (5c). The number of the branch scars here is 
somewhat greater than that of the leaves in. the adjacent orthosticliies: 
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special spatial relations between branches and individual leaves arc 

lacking. 

In 5. mamillaris the branch scars are not confined to the spaces between 
the leaf orthostichies, but are often placed exactly in the leaf orthostichy 
itself, they exert a lather strong disturbing influence on the phvllotaxis. 



spp. After Zeiller, op.c. (f.n. p. 12). a ~ PI. 87, fig. 
8 and I, 5. iesselata; d — PI. 87, fig. 5, S. mamillaris 
fig. 9, S. scuiellata. 


In- S. sc'iitellata finally the phyllotaxis in the branch bearing zone is 
so strongly disturbed that it becomes wholly irregular. 

4. Comparison of spatial relations of lateral 
branches in L y c o p o d i i n a e. The phenomena in the three groups 
described above from the observations instituted quite independently by 
so many authors, all show a strong similarity. In all cases the branches, 
when numerous, disturb the phyllotactical pattern; when they are less, 
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numerous they may be formed quite independently of any leaf insertion, or 
they may be formed at those places which have been as yet left free from 
leaf formation, i.e. either between the leaf orthostichies or in a single leaf 
orthostichy. In so doing the branches may either only crowd the leaves a 
little aside without influencing their number, or they may prevent the 
formation of one or more leaves, the place of which they have taken. 

Our impression therefore is that in the Lycopodiincie leaf formation cind 
branch formation may become competing processes; when branching is 
earlier, as in equal dichotomy, the leaves may only cover the space that 
is left for them; when leaf formation gets ahead, the brandies have to 
put up with the space left between the leaves, and finally when tlie two 
processes are more or less simultaneous they may disturl) eacli otiier. 

g. Taxonomic value of d i f f e r e n t m o d c s o i, b r a n c h- 
i n g. As pointed out above p. ,9, the different forms of branching have a 
certain taxonomic value. 

To the arguments given there, we may now add that the relation between 
branches and nodes in the Articulatae which no doubt is connected with 
the peculiar node organization in that class, is of outstanding taxonomic 
importance. 

The relation of a branch to a particular leaf seems equally to be of first 
importance, as it occurs in all Filicinae and not in microphylloiis Pteri- 
dophytes, with the only exception of a number of Sclaginella species. For 
that reason we have to consider these cases anew here. 

When Velenovsk’^' in 1905 enounced the idea of the importance of 
the angular leaf in the Pteridophyte branching he based his views to a 
large extent on Selaginella. Indeed the angular leaf in the dorsiventral 
stem systems is very remarkable; it is the only symmetrical leaf (xcurring 
in these systems. As such it has already been adequately described in 1 874 
by Braun ^). 

Of course it would be possible, that the same relation between a particu- 
lar leaf and ramification which is present in megaphyilous plants, had bet^n 
developed in a group of microphyllous plants as well, as a parallel phe- 
nomenon. The fact however that only dorsiventral species display it, while it 
is lacking in radial species of the same genus, makes this rather impr<.)bable, 
and it may therefore be worth while to consider the facts in some more 
detail. 

As far as I can see there is only one other possible supposition, namely 
that the dorsiventrality factors which influence both ramification and pliyl- 
lotaxis, in doing so establish a certain relation between the two. To check 
the merits of such a view it will be necessary to review the facts for both 
ramification and phyllotaxis. . 


a) .Velenovsk,^, op.p. p. 249; probably already earlier in a Czech paper of 1890, 
... \ Ae. Braun 1.c. (in. p. 16), p. 62. 
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The ramification in a dorsiventral Selaginella is of a very characteristic 
kind. In the aerial branching systems a sympodial main\axis is formed 
out of the stout shanks of the successive unequal dichotomies, the smaller 
shanks being placed in a strictly alternating order at the right and left 
sides of the main axis. At those places where the Selaginella “frond^^ is 
quite flat, as usually is the case at least at the last ramifications, all 
branches are really placed exactly in the same plane. Often however the 
lateral branches, especially near the base of the “frond” are turned up- 
wards, towards the sky, and in such places the insertions of these branches 
are also to be found on the upper side, so that the successive dichotomies 
are no longer flabellate, but cruciate. 

In view of this fact the idea becomes tempting that perhaps all branches 
really are due to cruciate dichotomy, but that by the dorsiventrality factor 
all shanks are reduced more or less to the same plane. The Wronger 
branches in that case would all be the under shanks, the smaller branches 
the upper shanks. 

The lateral branches usually follow at about equal distances; sometimes 
however a very unequal, we might say an iambic, rhythm may be observed 
when alternately the successive parts of the main axis bear e.g. 3 or 1 pair 
of leaves, and some number of, say 13. I have never seen two successive 
lateral branches at the same side of the main axis. 

The phyllotaxis is essentially diagonally decussate, the under leaves 
being shifted towards the sides and all leaves being often unequal-sided 
or falcate. In the last thin branches of a “frond” with their densely packed 
leaves the phyllotaxis is usually quite regular, in the main branches with 
tlieir more diverging leaves it often becomes rather irregular by many 
longitudinal shifts. The last leaf pair of every shank consists of a peculiar, 
symmetrical under leaf, the angular leaf, which is situated in the fork and 
a normal upper leaf at the insertion of the stout shank or often shifted up 
on to that shank, even several mm. The under leaf of the next lower pair 
is then often also shifted on to that same shank. 

Because of these shifts it is not always easy to determine the number of 
leaf pairs of a given shank, which may give some trouble in checking the 
correctness of the view enounced by Braun, that every shank always 
bears an odd number of leaf pairs. Yet I believe this statement to be 
correct, and as Braun remarks, the alternation of the lateral branches and 
the normal position of the angular leaf pair can only be reconciled in that 
way, as our schematic fig. 6A may illustrate. Between the two dichotomies 
two normal leaf pairs have been drawn and it is clear that only an even 
number of pairs between the two angular leaf pairs will be able to ensure 
their reverse positions; the shank therefore should contain an odd number, 
the angular leaf pair being included. , , 

In my incidental observations I was not able to find exceptions to this 
curious rule. Yet Braun himself writes: “Von dieser Regel kommen jedoch 
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merkwiirdige Ausnahmen vor, indem der Zweig auch nach einer geraden 
Zahl von Blattpaaren (Unterblattern) eintreten kann, in welchem Falle er 
mit dem vorausgehenden Zweige auf dieselbe Seite fallt. Dem Bestreben 
nach Abwechslung wird alsdann (nicht immer, aber racist) dadurch Geniige 
geleistet, dass der Zweig sich aufrichtet und die Stelle der Hauptachse 
einnimmt, die Hauptachse dagegen, zur Seite gedrangt, die Rolle des 
Zweiges spielt. Bei vielen Arten kommt ein solches 'Verhalten nur als 
seltene Abweichung vor, bei einigen aber (S. Wallichii) wird es zur Regel”. 

In order to examine these curious but not very lucid facts I studied some speci- 
mens of Selaginella Wallichii from the University Herbarium at Utrecht. They in- 
deed showed the even number of leaf pairs for every part of the sympodial axis of 
the “fronds”, in casu invariably 4 pairs. The distribution of these pairs was liow- 
ever not that of fig. 6C (derived from 6B), as might have been inferred irom 
Braun’s description. In 6C the position of the angular leaf pair would be alternately 



Fig. 6. SelagineMa. A ~ diagrammatic representation of relation between pliyl- 
lotaxis and branching in most dorsiventral species. B ™ same from description by 
Braun for S. Wallichii, -without change of size of main axis and lateral branches. 
C “ as above, with interchange of size. D = actual condition in S. Wallichii. Leaf 
pairs of sympodial axis indicated by Roman numbers, of small shanks by .Arabic 

numbers. 

different for any two successive dichotomies. It was however, with some variation 
in the longitudinal shifts, the arrangement of 61), 

At first the idea might present itself that here we had some trimerous whorls 
{III, IV, IV and III', IV', IV'), but as all leaves here, as in other dorsiventral 
Selaginella spp. are inserted on the usual four orthostichies, this is not very proba- 
ble. Moreover the leaves may very well be grouped in pairs, with some longitudinal 
shifts; this has been done in 61) by designating the leaves in the same way as in the 
diagrammatic figures A-C. The longitudinal metatopies of 6D are not stronger 
there than in other cases. 

From the above observations I am inclined to the following view on the relation 
between branching and phyllotaxis in the dorsiventral Selaginella species. The 
branching is an independent phenomenon; the smaller shanks of the unequal 
dichotomy or, what amounts to the same, the lateral brandies, are jdaced alternately 
at the right and the left. 

The phyllotaxis is. a diagonally orientated decussation; one of the under leaves 
always shifts into the angle of the dichotomy, and because of that peculiar position 
the dorsiventrality factors do not get any hold on it, so that it develops svmmetric- 
ally,' 
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111 the majority of species this angular leaf is one out of the onliostichy at the 
small shank side (6/i). Therefore the upper leaf of that pair falls in front of the 
sympodial axis, and moreover any part of the sympodial axis has an odd pair of 
leaves. 

The two dichotomy branches begin with symmetricallv placed pairs of leaves, 
their upper leaves being turned towards the dichotomy ‘ angle : tlie stout .shank 
therefore continues the phyllotaxis of the podium., the first leaf pair of the small 
shank being superposed over the last podium pair. 

In Selagmella Wallichii the angular leaf is an under leaf out of the orthostichv at 
the stout shank side. The upper leaf of the same pair therefore falls in front of" the 
small shank and the number of leaf pairs of any part of the sympodial axis is even. 

The two dichotomy branches begin their phyllotaxis exactly in the same wav as 
in all other species; owing to the different position of the angular leaf pair it is now 
the small shank which continues the phyllotaxis of the podium. 

After this view the hypothesis of the main axis and the lateral branch 
interchanging their rbles may he spared. xA.t the same time, and this may 
be the excuse for this long digression, the way is cleared for the assumption 
that the angular leaf of the doTsivmtvBl Selaginellae may be something 
quite different from the angular leaf oi the Filicinae, playing no role in the 
branching itself. 

E. Kinds of stem plastics. The term plastics (Plastik) has been 
framed by Al. Braun to indicate those form properties of the flower 
which do not depend on the mutual arrangement of the floral parts nor 
its division into floral belts : it therefore comprises all the special characters 
of form, colour, consistency, pubescence etc. The use of the term at present 
is almost limited to taxonomic papers, but it may be of great advantage 
in general morphology to denote the range of variation of differentiation. 

For a survey of stem plastics in the Pteridophytes the reader may be 
referred to Velenovsk^ 2). Here will be treated only the question of 
different kinds of stem plastics in one and the same plant. In many 
Pteridophytes such a difference does not occur, all stems being essentially 
alike {Rhynia, Isoetes, Pjfms). In many other Pteridophytes however the 
fully developed plants exhibit two, three or even more different kinds. 

Thus we may have sterile and fertile stems {Eqiiisetnm arvense), aerial 
stems and subterranean rhizomes (same instance), normal rhizomes and 
stem tubers (do.), normal leaf bearing stems and stolons {Alsopkila 
aciileata ^)), normal rhizomes and special runners with root-hairs and root- 
function {Trichomanes sect. Heniifhlehhini) , normal stems and strobihis 
axes [Lycopodutm clavatum), 

F. Nodes and internodes. In leafless Pteridophytes nodes and inter- 
nodes are wanting, every stem being a single unit. As soon as there are 
leaves however they may be distinguished, at least theoretically, and when 


1) Al. Braun, tJber den Bliithenbau der Gattung Delphinium, Jahrb. f. wiss. 
Bot. 1. 1858, p. 307. 

VELENOVSKy, op.c. p. 230-242. 

3) Stenzel, l.c. (f.n. p. 16), PL 1. . ■ - ' 
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the leaves form leaf traces, the structure of nodes and internodes even 
differs anatomically. 

In a iiumber of Pteridophytes the plastics of nodes and internodcs is 
practically the same: in such cases the distinction properly has no value 
{Lycopodium/ Le^idodendron^ other cases nodes and inter nodes may 
differ more or less in plastics; this occurs to a great extent in the Afiicu- 
latae. The intercalary growth of the Eqmsetum si^xn, for instance, is 
wholly based on this differentiation. In such cases the distinction assumes 
real morphological importance. 

In literature there has been much speculating about holocyclic and 
mericyclic nodes, including either a whole transverse disc of the stem or 
only a sector (Celakovsky ^)) or about the question whether an internode 
between two whorls might be taken as homologous to an internode be- 
tween t'wo scattered leaves. All these speculations are useless, and the 
simple opinion of Al. Braun is by far to be preferred, namely that a node 
is nothing but a part of the stem, differentiated more or less in a special 
way under the influence of the leaf insertion ^). 

G. Telome. The term telome as introduced by Zimmerman x 
designates the last ramification of a stem or shoot, as far as it is one single 
unbranched body, externally as well as in its stelar structure. 

As soon as a stem develops a lateral branch, its basal part by that hict 
is no longer a telome or part of it, but it is a part of a syntelome; its iin- 
branched apex on the contrary remains a telome. 

Though the term has been accepted of late by highly competent au- 
thorities like Halle and Bower, yet in my opinion the use of it is not to be 
recommended. Our morphological conceptions should be read from nature 
as far as possible, our morphological terms should correspond to parts 
owing their origin to natural processes. 

A stem, being formed by a given vegetative cone, responds to that 
requirement. But that a stem should change into two different parts by 
the development of a lateral branch to me seems an unnatural, artificial 
conception. 

§ 6. The sporangium. — The sporangium of the Pteridophytes is a 
more or less globular, reniform or sack-shaped organ, usually freely pro- 
jecting on the surface of the sporophyte, seldom imbedded, in which 
following reduction division haploid air-dispersed spores are formed. The 
sporangium being already known in the oldest land-plants as far as our 
record goes, its phylogeny is quite uncertain; perhaps it is derived from 
a group of tetrasporangia. . 

Its place on the sporophyte is either terminal on the stem {Psilophyiinae) 

■ L. J. CELAicovsKy, Die, GUederung der Kaulome, Bot. Ztg 59, 1901, p. 79. 

®) Al. Braun,. T annenza-pfen -.Nova Acta. 15, 1, 1831, see p. 347. 

' .WL ZiMMERMANN, Die Phylogenie der Pflanzen, Jena 1930; see p. 65. 
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or in any position on the leaves (all recent Pteridophytes) ; the last con- 
dition seems to have been present from the beginning of land vegetation, as 
of late it has been reported by Lang and Cookson for Baragwanathia 

longifolict. 

Sporangia borne on microphylls are usually inserted on the adaxial leaf 
side ; see moreover § 8 sub A III; those on megaphylls are usually placed on 

the abaxial side or on the margins, see § 8 sub B HI. 

Every sporangium consists of a pluricellular sterile wall within which an 
archesporium develops the spores in a smaller or greater number. In only 
a few eases is a central sterile columella present {Hornea, Sporogonites) at 
the basal part of the sporangium, being overarched by the dome-shaped 
spore mass. The organization of the different parts of the sporangial wall 
shows a great range of variation in the different groups ; the taxonomy has 
to a certain extent been based on these differences, especially of the outer 
'layers. 

These outer layers often show complicated differentiations of various 
kinds, the function of which is the dehiscence of the sporangium. Amongst 
these the annulus, a complex of cells with partly thickened walls, may be 
cited. The inner layers have a nutritive function for the developing spores 
and are called the tapetuin. 

The sporangia of Pteridophytes are often produced in great numbers, 
and may be arranged in groups, called sori (see § 8 sub B III). The sporan- 
gia of a sorus may fuse into a unit of higher order, the plurilocular synan- 
gium ; this seems to have already occurred in the &lurian age {Yarravia ^)). 

Another differentiation of the sporangium amounts to the development 
of two kinds of sporangia in one and the same plant species; kinds differing 
in that from the spores of the one only male gametophytes arise and from 
the other, females. These two kinds are called microsporangia and mega- 
sporangia, and their spores microspores and megaspores. 

The micro- and megasporangia may be of the same organization 
{Sclaginclla) or they may be different [Azolla). Their spores differ in all 
known cases notably in size, as is indicated by the names; it has however 
been pointed out of late (see e.g. Pincher®)) that such a difference is not 
essential for the phenomenon of heterospory. 

§ 7. The root. — As remarked in § 2, the root does not occur in all 
Pteridophytes: it is lacking in the Psilophytinae, in the Psilotinae and in 
Salvinia, In the latter case its absence has always been recognized as 

h W. II. Lang and 1. S. Cookson, On a flora including vascular land plants, 
aSwSociated with MonograpHis, in rocks of Silurian age, from Victoria, Australia, 
Phil. Trans. Roy. Soc. London, B, 224, 1935, p. 421. 

“) Lang and Cookson, l.c. p. 437. 

H, C. PiNCLiER, A genetical interpretation of the origin of heterospory and 
related conditions. New Phyt. 34, 1935, p. 409» 



28 


J. C. SCHOUTE, MORPHOLOGY 


being- of a secondary nature, connected with the occurrence of the dissected 
submerged leaves with root function. 

In the Psilophytinae on the other hand it is generally considered as being 
the primitive condition. In the Psilotinae it was formerly often suspected of 
being secondary, especially as the embryo long remained unknown and of 
course the embryo might have passed through a rooted stage. Since the 
discovery of the quite rootless embryos both oi Tmesipteris^) ^a.xi6. ol 
Psilotum^) and the simultaneous acquisition of knowledge of the P silo- 
phytinae, the general view is that roots probably never have been present 
in the ancestors of the 

The roots, where present, are always of a little varying organization. 
They grow by a vegetative cone much like the stem, a cone which however 
is covered by a calyptra or root-cap. They are cylindrical, never develop 
leaves and as a rule develop root-hairs, a feature which is rare in stems 
[Rhynia, Hornea, Psilotum, rhizomes, Trichomanes, runners and some- 
times other stems too, Psaronms, stem after leaf fall) and which is still 
more rare in leaves (petioles and leaf under-surface of Trichomanes Hilde- 
brandtii^)). 

Roots arising endogenously on the stem are formed in contact with 
the vascular tissue strands. Their distribution therefore in some cases may 
show a certain correspondence to that of the leaf traces ^). 

From the point of origin they make their way out in various directions, 
running sometimes through the stem tissues over considerable distances 
{Lycopodhmi, basipetal course, Angiopteris, geotropical course 

Roots may be formed in some cases on leaves too. 

The root may branch dichotomously {Isoetes, Selaginella, usually in Ly- 
copodium, sometimes in OpJiioglossum^)) or laterally [Eqviisetum, Filicinae), 

q A. Anstrqther Lawson, The prothallus of Tmesipteris tannen&is, Trans. 
Roy. Soc. Edinb. 51, 1917, p, 785, and: The gametophyte generation of the Psilo- 
taceae, ibid. p. 93. 

q G. P. Darnell Smith, The gametophyte of Psilotum, Trans. Roy. Soc. EdinI). 
52, 1918, p. 79. 

q Engler & Prantl, op.c. p. 98. 

"*) J. P. Lachmann, Contributions a I’histoire natnrelle de la raciiie des Fougeres, 
Ann. Soc. Botan. de Lyon, 16, Notes etMemoires, 1889, p. 1, see p. 23; J. C, Schoc- 
TE, On the foliar origin of the internal stelar structure of the Marattiaceae, Kec. 
trav. bot. neerl. 23, 1926, p, 269, see p. 287, 288. 

q R. F. Shove, On the structure of the stem of Angiopteris evecia, Ann. (?f 
Bot. 14, 1900, p. 497, seep. 506. 

®) Hirmer makes mention of dichotomous branching of the roots of Asicvocala- 
mites scvohiculatus (op.c. p. 377), without quoting his source. Perhaps tliis source 
has been D. Stur, who describes his Avchaeocalamites fadiatus as “radices irregn- 
lariter dichotomas emittens^’ (op.c. f.n. p. 19, p. 2). The figures (PL 1, fig. 3-5) as well 
as the further description of the text p. 5 are far from convincing: in the text it is 
expressly stated that the branching is not so regular nor so symmetrical as that of 
the leaves. So the question must remain unsettled. 
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The successive dichotomies may follow rectangularly {SelagincUa i), 
usually in Lycopodium 2 )) or occasionally in the same plane (Lycopodiitm -)). 

Transitions between dichotomy and lateral branching may occur; in 
Lycopodium hva.nches arising at the apex but being smaller may'be decided- 
ly lateral ; their arrangement may approach a regular one when the branches 
follow more or less in a 1/0 or spiral, or in opposed pairs which themselves 
ma}?' be alternate or superposed ^). 

In Equisetum and in the Filicinae lateral roots arise endogenously 
they are arranged in orthostichies, as their origin is confined to the presence 
of the vascular strands in the mother root. 

The first root of the embryo usually is formed exogenously, in various 
positions, not always opposite the first leaf. Later roots nearly always 
arise endogenously, but in P hylloglossum bXso these are exogenous ^). This 
difference of origin might be taken as a reason for distinguishing between 
a main root and adventitious roots, a practice which is sometimes followed, 
e.g. by Velenovski^ ^). Most authors however do not make much of the 
difference; perhaps on account of the repeated assertion of Hofmeister 
that Pteridophytes have no main root ^), or perhaps from Goebel’s con- 
sideration ®), that a true main root should show secondary growth. In an}’ 
case exogenous and endogenous roots are of exactly the same morphologic- 
al description so that the distinction seems of little or no importance. 

A phylogenetic origin of the root from a specialized kind of stem, 
differentiated for absorption and attachment purposes, has always been 
more or less probable '^). Of such a differentiation we know many instances : 
the rhizomes of so many Pteridophytes, being only slightly modified subter- 
ranean stems, the rhizophore (see § 11 sub 2), the stigmarian axis (§ 1 1 sub 
3) and finally the peculiar leafless runners of Trichomanes, These last 
dichotomousty branching organs attach the plant to the substratum and 
have an absorptive function; they develop root hairs, but lack a calyptra. 
They fully replace the roots which are either entirely wanting (most spp. of 
7\ sect. Hemiphlebium) or are rarely formed (T. muscoides ®)). 


') C. Kageli und H. Leitgeb, Entstehung und Wachsthum der Wurzeln, Bei- 
trag'e zur wiss. Botan. von C. Nageli, 4. Heft, 1868, p. 73, see p. 128. 

“) Nageli und Leitgeb, Ic. 1868, p. 117. 

F. O. Bower, On the development and morphology of Phylloglossum Drum- 
mondii, Phil. Trans. 1885, no. 238 p. 665. 

'^) Velenovskv, op.c. p. 266. 

"*) Hofmeister, op.c. (f.n. p. 2), passim. 

Goebel, op.c. (f.n. p. 3), p. 1145. 

') POTONIE, struck hy the leaf-like characters of the stigmarian rootlets, sug- 
gested (JT. PoTONiE, Grundlinien der Pflanzen- morphologic im Lichte der Palaeon- 
tologie, Jena 1912, on p. 233), that all roots might be metamorph leaves. At present 
such a view is not likely to find supporters. 

«) EnGLER & l^RANTL l.C, p. 98. 
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It is not surprising therefore that Lignier in 1 908 clearly expressed the 
view^) that roots are the oldest kind of rhizomes; it was however only 
several years later that this view was supported by direct fossil evidence, 
b]/ the discovery of the Psilophytinae, In 1921 Kidston and Lang derived 
the roots from rhizome systems in Rhynia and in Asteroxylon and this 
derivation again was much strengthened by the discovery of Aster oxy Ion 
elberfeldense in which Krausel and Weyland observed root-like rhizome 
branches, differing from the other rhizomes of the plant 


§ 8. The leaf (sterile leaf and sporophyll). — In the different groups 
of Algae a differentiation between a special photosynthetic and usually 
flat part and a supporting and usually cylindrical part has evidently 
occurred several times. In the Pteridophytic sporophyte a successful 
differentiation of such a kind is nowadays generally assumed to have at 
least arisen twice, so that the leaves in this phylum are taken to be of a 
diphyletic origin. Velenovsk^' even distinguished between four leaf 
categories^), those of the Articulatae, Lycopodiinae, Isoetinae a.mi Fili- 
cinae, but this view has not been confirmed since. 

The two kinds of leaves are usually designated as microphylis (or 
Thursophyton leaves of Bower ^)) and megaphyils (or cladode leaves of 
Bower ®)). The latter are the leaves of the Filicinae and perhaps part of the 
leaves of the Cladoxylinae, while the leaves of all other Pteridophyte 
classes are usually taken together as microphylis. 

In the present chapter the distinction will be accepted in this form,, 
notwithstanding the fact that Lady Isabel Browne in a recent paper *) 
questions the microphylly of the Articulatae and Psilotinae, mainly on 
account of the ’fact that some old forms, more or less related to these 
classes, had relatively large and forking leaves. 

Though granting that our knowledge of the actual phyiogeny is in- 


O. Lignier, Essai sur revolution morphologique du regne vegetal, C. R. du 
Congrfes de Clermont Ferrand de TAssoc. fran9, 1908, reprinted in 1911 in: Bull. 
Soc. Linn. Normandie, 6th ser., 3, p. 35 and especially p. 41. 

2) R. KiDSTON-and W. H. Lang, On old red sandstone plants showing structure, 
from the Rhynie chert bed, Aberdeenshire, l^art 4, Restorations of the vascular 
cryptogams, and dicussion of their bearing on the general morphology of the 
Pteridophyta and the origin of the organisation of land-plants, Trans, Rov. Soc. 
Edinb. 52, 1921,p. 831. 

R., Krausel und H. Weyland, Beitrage zur Kenntnis der Devoni'Iora II, 
Abh. d. Senckenberg. Naturf.^Ges. 40, 1926, p. 115. 

VELENOVSIcy, Op.C. p. 184. 

, - Bower, op.c. (f.n. p. 3), p, 552, 

, ®) Bower, op.c. p.. 550. 

Lady I: M. P. Browne, Some views on the morphology and phyiogeny of the. 
leaf y vascular sporophyte, Botanical Review 1, 1935, p. 383, 427; see p. 440. 
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sufficient to settle the question directly, I believe that many facts point to 
the correctness of the usual view. The following general treatment 
of the leaves of Psilophytinae, Lycopodiinae, Psilotinae and Articulatae 
may show this, and moreover I might point to § 5 in which we saw that 
an important difference is found between the leaf categories so defined, 
in their relation to the stem branching. 

■' ; . The' microphyiL' '■ 

L Phylogenetic origin. According to oiir present knowledge 
the microphylls are the oldest. At least in Baragwwnathia from the Silurian 
the microphyll is represented as clearly as in any later form, being a 
long, simple, lax leaf already ocurring in two forms, sterile and as a 
sporophyil with a reniform sporangium on its adaxial side. 

According to a generally accepted and indeed very plausible supposition 
the microphyll has been developed as an emergence, or as Bower expresses 
it, an enation. Whether this enation from the beginning was dorsiventral, 
with a different organization of the abaxial and the adaxial side, is un- 
known. In any case ail known microphylls are always dorsiventral. 

When they are formed as parts of a dorsiventral shoot, their right and 
left sides moreover, may grow out differently, so that falcate and other 
asymmetrical forms ensue [Selagindla spp.). 

In the oldest forms, the microphyll is quite simple without any incisions 
or any special parts. In many of the microphyllous groups it has remained 
so up to the present day, e.g. in Lycopodium An other groups complications 
in shape have arisen ; they will be dealt with separately for the sterile leaf 
and the sporophyil. 

n. The sterile microphyll. Usually the microphyll is 
entire, without any lobing or dissection. In rare cases the margins may be 
provided with small teeth [Selagindla) or even may become in this way 
pinnatifid {Selagindla Lyallii, abnormal leaves, see Bruchmann ^)). 

The microphyll however may become complicated by the occurrence of a 
dichotomous division. One forking occurs in Protolepidodendron and in 
many Sphenophyllwn leaves, while other Sph. spp. have two or three 
forkings in their leaves; Asterocalamiteshzs three of more. In Pseudohornia 
the leaf on the same basis has become flabellate, every long lobe being finely 
pinnately dissected. 

In a number of related forms, known as the Lycopodiinae hgulaiae and 
the Isoetinae, the leaf adaxially produces near its insertion a special laminar 
outgrowth, the iigule, usually inserted by a comparatively stout foot, the 
glossopoclium, in a definite socket, the ligular pit. Other differentiations 
are rare. Stipules never occur and a sheath is seldom formed {Isoetes). 

ni. The fertile m i c r o p h y 1 1 . In the sporophyil we meet 


H. Bruchmann, Von den Vegetationsorganen der Selaginella Lyallii Spring, 
Flora 99, 1909, p. 436. 
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with tlic same differentiations as in the sterile leaves and of course also 
with the sporangia and eventually with their stalks. 

The sporangia always or nearly always are borne on the adaxialside 
of the sporophyll, near its insertion on the stem: a singde sporangium 
moreover being nearly always sessile {Baragwanathia, Lycopodmm, Se- 
laginella), seldom sidl^tA {SphenophylUm angustifoUum).y\'h^n a ligule is 
present in a sporophyll, the sporangium invariably is situated between axis 
and ligule. 

When there are more sporangia on one sporophyll they are seldom sessile 
(S phenophylhm majus), usually stalked, in which case the stalks may be 
branched {Spemphyllum fertile) and every branch may either bear one 
{Sphenophyllmn Damoni) ox two {Sph. fertile) or more sporangia, often four 
{ClieirostroUis), In the case of two or more sporangia to one stalk branch 
the latter tends to be terminally dilated, the sporangia pendent in a 
s^^mmetrical distribution from the basal side of the shield-like dilation. 

Cases in which the sporangia or their stalks are not inserted on the 
adaxial sporophyll side have been reported, but never satisfactorily proved 
to exist. 

The best known case is that oi Sphenophyllum fertile where the sporo- 
phyll, after Scott, consisted of two fertile storeys of two sporangium- 
bearing stalks each. Quite recently Leclercq however, was able to show 
that the sporophyll of Sp. fertile diS in all other species possessed an abaxial 
sterile part and a number of fertile sporangium-bearing stalks. 

A second case is that of Pleuromeia where an abaxial position of the 
sporangium was supposed to occur by Solms-Laubach “). However in the 
chapter by Walton and Alston on Lycopodiinae in this Manual the 
statement has been called in question on good arguments ^). 

The union of one or more sporangia to a microphyll has often given rise 
to comment in literature. The botanists of the first half of the nineteentli 
century contented themselves with a comparison with the Ophioglossum 
sporophyll, as may be read in full in Solms-Laubach’s paper on Psilo- 
tum ^). By reduction this Ophioglossum sporophyll might have led to the 


q Suz. Leclercq, Sur la structure reelle de Sphenophyllosfacliys fertile Scott, 
Proc, Int. Bot, Congr. I, 1936 p. 234. 

-) H. Graf zu Solms-Laubach, tJber das Genus Phuvomeia, Bot. Ztg, 57, 1899, 
p. 227, see p. 239. , 

3) Hirmer has tried to explain this supposed abaxial sporangium position (M. 
Hirmer, Rekonstruktion von Pleuromeia Sternbergi Corda, nebst Beraerkuugen 
zur Morphologie der Lycopodiales, Palaeontographica 78 B, 1933, p. 47) by fan- 
cying an original form with a belt of sporangia all around the sporophyll; by re- 
duction in the belt the normal case, of Lycopodium as well as the case of Pleuromeia 
might have arisen. . . , 

H. Graf zu Solms-Laubach, Der Aufbau des Stockes von Psiloium triquetrum 
und dessen Entwicklung aus der Brutknospe, Ann. d. Buitenzorg 4, 1884, p. 139. 
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condition of Pst7o/ww by further reduction to the condition of Lyco- 
f odium. Even if such a “backward” view were still considered to be 
satisfactory, we should have to object that it implies a comparison between 
megaphylls and microphylls. 

The question became especially interesting when the Psilophytinae 
seemed to prove that sporangia originally had been only borne on stems, 
terminally. With the hope, of solving this problem, Bower enounced his 
collocation theory ^), claiming that for every sporophyll a union must have 
taken place between a Thursophyton-leaf and a Hostimella-branch, i.e. a 
stem with a terminal sporangium. 

This conception hardly needs a detailed discussion. The improbability 
that, in plants where axillary branching is unknown, one single branch 
should arise exactly above every single leaf, without ever even betraying 
itself by teratological cases, is such that we must discard the idea alto- 
gether. 

Moreover the discovery of Baragwanathia ^ind. Yarravia makes all such 
explanations superfluous. The original land flora did not only consist of 
leafless plants with terminal sporangia ; there is no objection to supposing 
that the Ft eridophyte sporangia originally were produced all over the 
plant, as in the Laminanaceae, where the sporangia are formed on the 
stalk and holdfast as well as on the frond. 

The terminal group of sporangia in and the single terminal 

sporangia of Rhynia m.d.y both represent original arrangements, but the 
leaf-borne sporangia of BaragwanathiahzNt the same claim to originality. 

The same view, that every sporophyll should owe its origin to the union 
of a leaf and a branch, has been upheld with much more stress and on the 
basis of quite different fossil evidence in the case of the Articiilatae. 
Especially in this plant group do we meet with the stalked sporangia; 
and these stalks, often termed sporangiophores, have been considered as of 
a cauline nature by several botanists. 

Not by all however. The foliar nature of the Equisetum sporophyll has 
been strongly emphasized by one of the best investigators of the Equiseia, 
Milde “). From his extensive and excellent observations on the transitional 
forms between the sheath leaves and the annulus teeth, and between these 
teeth and the sporoph 3 dls, Milde arrived at the firm conviction that sheath 
leaf, annulus tooth and sporophyll are all homologous organs. And as the 
Eqidsetum sporophyll consists of one single sporangiophore, the latter must 
be of a foliar nature too. 

Starting independently from the same facts Goebel also came to the 
conclusion that the homology of leaf and sporangiophore in Equisetum is 


q Bower, op. c. (in. p. 3), p, 598. 
q J. Milde, Monographia Equisetorum, Nova Acta 32, 2, 1867; especially p. 16 

q Goebel, op.c. (f.n. p. 3), p. 1 108. 
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SO obvious that the assumption of an axial nature for the latter is untenable. 
As he rightly remarks, what can be stated with certainty in living plants 
is not to be doubted on the basis of much less known fossils. This view of 
Goebel is the more remarkable as he belonged to the zealous defenders of 
the axial nature of the Psilotum sporophyll. 

The supporters of the axial nature of the sporangiophores are especially 
Bower and Browne 2); the arguments of. both authors are entirely 
taken from the domain of phyllotaxis. We shall therefore postpone their 
discussion until we come to the microphyll phyllotaxis, sub IV , hero I will 
only remark that our conclusion will be that the facts of phyllota.xis are 
not such as to require an axial sporangiophorc nature. In the present 
paper all these complex sporophyll structures of the Arttculatae will 
therefore be taken as real sporophylls; for Psilotum see § 1 1 sub 1 . 

The sporophyll may become forked or by repeated dichotomy rnore-lobed 
in the same way as the sterile microphyll; this occurs in Psilotum, Spheno- 
phyllum and in Cheirostrobus ; in the latter case the sporoplndl is remarkably 
divided into three equal collateral parts, a curious deviation from the 
normal two, four or eight of dichotomous branching. 

The collateral dedoublement of the sporoph3dl may equally well pertain 
to the sporangiophore ; we may therefore have two or more sporangiophores 
as an upper storey over two or more sterile lobes [Cheirostrohus), la liter- 
ature this division into two storeys is usually designated as a serial division, 
following in this respect the example of Zeiller^). See for instance 
Scott and especially Hirmer Another explanation is that the under 
sterile and the upper fertile lobes should represent different phyllomes; a 
view especially advocated by Troll ®). 

As far as I can see either explanation is equally unnecessary, as we may 
simply consider it as an elaboration of the sporophyll (the under lobe) 
with its sporangium (the upper lobe). This view is not at all new, as it 
has been discussed by many authors, see e.g. Seward ; but it has mostly 
been discarded on account of the complex organization and structure of 
the sporangiophore, and of its likeness to the Equiseium sporophyll. 

For Equiseium the above view does not present any difficulty, as we may 


1". 0. Bower, The origin of a land-flora, London 1908, see p. 383. 

2 ) Lady I. M. P. Browne, A new theory of the morphology of the Caiamarian 
cone, Annals of Bot. 41, 1927, p. 301. 

3) R. Zeiller, Btude sur la constitution de I’appareil friictHicateur des SpJie- 
nophyllum, M6m. Soc. g^ol. de France, Paleont. 1893, p. 3. 

h D. H. Scott, Studies in fossil botany, 3rd ed. I, 1920, see p. 99. 
q M. Hirmer, Berner kungen zur Theorie der serialen Spaltung der Blatter. 
' Eine Erwiderung an Herrn W'. Troll, Berichte D. bot. Ges. 51, 1933, p. 127. 

q W. Troll, Zur, Deutung des.Bliitenbaues fossiler Articiilatales, Ibid, p, 21. 

; q A. C. Seward, Fossil plants, I, Cambridge 1898, see p. 405. 
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easily conceive how the sporophyU in these plants may have been reducc'd 

to the single sporangiophore ^). 

Finally the sporoplijdl of microphy lions plants may develop some special 
parts besides the sporangium and sporangiophore, in connection with the 
formation of a strobilus or even with the formation of seeds. 

In some forms {Selaginella 2 ) , Lepidostrobus, Spencer ites, Cheirosirohus) ai 
the transition between the horizontal and the vertical tegument ary 
part of the sterile lobes a downward extending rim or knob may be 
present, the function of which is obviously the ensiirance of an accurate 
fitting and closing of the strobilus parts in the bud condition. 

In other forms where the seed habit was attained, a membrane was formed, 
from the adaxial side of the sporophyU, more or less enveloping the 
megasporangium, and even sometimes in the microsporo 

phyll, enveloping the microsporangiuni likewise. These membranes usually 
are designated as indusia. 

IV. Phyllotaxis. Probably no fact has contributed more to the 
inclusion of microphyls and megaphylls in one single category of leaves 
than the regular phyllotaxis both often display. This regular arrangement 
must have been present very early during the phylogeny, as in Barag- 
wanatMa the parastichies, though not quite regular, are yet very con- 
spicuous^). It is however quite possible that in other early or in still 
earlier forms the microphylls have been distributed irregularly, like many 
hairs. 

The study of recent microphyllous Pteridoph^^tes clearly reveals the fact 
that their leaves display exactly the same phyllotactical phenomena as the 
megaphylls in the Filicinae and in Spermophytes; evidently the so-called 
law of Hofmeister governs the phenomena in both. Yet there is this 
difference, that the phyllotactical patterns of the so-called main series 
whose parastichies occur in numbers belonging to the series 1 , 1 , 2, 3, 5 etc., 
are not nearly so frequent in mierophyllous plants as e.g. in Conifers. This 
is due to the action of at least two disturbing factors, namely the dichot- 
omy of the stem and the false whorl formation. 

Where these factors are absent, systems of the main series may be 
found in perfect regularity, for instance in ^). 

q TEe strobili of Calamostachys and its allies are sometimes believed to display 
analogous phenomena of serial splitting; for literature see Browne Lc. 1927, p. 310 
and especially Hirmer 1933 l.c. 

In the discussion on phyllotaxis I hope to make clear why this view is not to be 
accepted, as the superposed parts in these strobili belong to different phyllomes. 

“) M. G. Sykes and W. Stiles, The cones of the genus Selaginella, Ann. of 
Bot. 24, 1910, p. 523. 

3 ) Lang and Cookson, l.c. (f.n. p. 27), fig,. 6, 12, 14. 

Johanna Liebig, Erganzungen zuf Entwicklungsgeschichte von Isoetec, 
L., Flora 125, 1931, p. 321, see p. 335. 
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In a dicJKJtomizing stem, however, only low systems of the main series, 
with low parastichy numbers, may occur regularly, as the following 
reasoning may show. In a vegetative cone where the young leaf primordia 
(or, according to my theory of phyllotaxis i), the dispersion circles) at the 
time of the determination of the next higher ones have a relativ^e bulk 
the stem circumference as unit) of between 0.50 and 0.58, no 
are possible but a system 1 + 2, a low member 


(expressed in 

other phyllotactical systems 
of the main series. 

From such a system higher members of the main series may be elaborated 
by a gradually diminishing bulk relation ^), and this is wdiat occurs in 
Isoetes. However as soon as a stem dichotomizes, the new systems of the 
two shanks are only partly the continuation of that of the podium; they 
are completed at the sides facing each other on a new and more or less 
horizontal base. When in the shanks the bulk relation happens to fall 
between 0.50 and 0.58, the new systems must be of the main series. When 
the bulk relation is smaller, the new systems can only belong to the main 
series when the supplementory part of the system is erected on a basis 
of the required obliquity; this not being the case it is not difficult to prove 
that the new system will be such a one in which the two sets of determining 
parastichies have a tendency to differ less in number than they do in the 
main series. 

This proof may be given as follows. Let a and b in fig. 7 A be two leaf centres, 


Fig. 7. a — part of a phyllotactical system. “Basal line" fully drawn, lines from 
determining to determined leaves dotted. B,C,D ~ regular systems 3 + 3, 3 -j- 4 

and 3 H- 5. 

determining together the place of a third leaf d. We know that b at the other side 
cooperates with a third leaf c in determining the place of of a fifth leaf e, etc. Now 

J. C. ScHOUTE, Beitrage zur Blattstellungstheorie. I, Die Theorie, Rec. trav. 
hot. ntel. 10, 1913, p. 153. 

ScHouTE 1913, l.c. p. 247. 
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we m<'W call tlie line passing through the centres a, h and c a basal line; it is clear 
that we may extend such a line around the stem. For a realization of'a whorled 
pliyllotaxis it is reqiiii ed that the basal line on being continued from c to the rieht 
again abuts on a. (7B) When it leads to d, the system is of the form n -f (n -P 1) 
as in 7C, etc. In fig. three regular systems have been drawn, 3 + 3,3 -f 4 and 

3 + 5, each with its basal line. 

Supposing now that in each, of these three systems a certain part is taken away 
and replaced by a new part, built up on a horizontal base, it is obvious that all 
three will be likely to change into another system, but it is at the same time clear 
that in the new systems the basal lines will be inclined to be more or less horizontal, 
or in other terms will have determining parastichies whose numbers are not verv 
different. 

This theoretical conclusion is borne out by the facts to a large extent. Dichoto- 
mizing stems occur in : 

Asteroxylon, Little of its pliyllotaxis is known, but the only instance known to me 
in wliich it is possible to determine it from a photograph i), is that of a system 
7 + 8, a very rare system for non-dichotomizing plants. 

Psilot'imi Iriquetrum. The main axis of the aerial shoots has an irregular phyllo- 
taxis, the thin terminal branches have systems 1+2. 

Lycopodium Selago. According to Al. Braun 2) very young plants have s/g. In six 
plantlets grown from bulbils I observed low systems of the main seriek Adult 
specimens on the contrary are stated by Braun 2) to have the systems 3 + 4, 

4 4, 4^ 4 + 5, 5 ~p 5 and 5 + 6, all either systems of the form oj. whorled 

systems.'* 

Lycopodium spp. In adult specimens the conditions usually are as in L. Selago: 
for L. clavatum Braun •*) mentions all similar systems from 4 + 4 up to 8 + 9. 

My own observations in some species showed the following results. No other 
systems were observed but n + n, n + (n + 1) and n + (11 + 2), the last always 
being very rare. Of the former two the whorled systems often prevailed, especially 
in the thinner branche.s. Often in a shank the system was subject to one or more 
changes; in these cases there was no predilection to be found for changes towards a 
whorled condition ’), A discussion whether the whorled or the spiral condition is 


On ri. 5, fig. 25, in Kidston and Lang, l.c. 1921 (f.n. p. 30). 

2) Al. Braun 1831, l.c. (f.n. p. 26), p. 277. 
h Al. Braun IS3L l.c. }>. 338. 

M}” own ob.seiwatioiis pertained to L. carinatum, dichotomum, Hippuris and 
Phlegmarla. h’rom one or more shoots the pliyllotaxis was determined in all 
branche.s, all changes in system of the shanks being recorded ; the results are plotted 
in the two f<.il!owing tables: 


.Species'' 

, Number of 
, observed 

I shanks 

Phyllotactical systems 

Lowest : 

Highest 

n + n 

11 + (n + 1 ) 

n+ (n + 2) 

■ system ,' 

system 

carinatum . . 

:'■■■ ■"'89,',:. 

51 

30 

!■:' , , ■■ _'■ , 

: '2+2" 

4 + 4 

dichotomum . 

; 31 

40 

33 

■: 2.",,,,: 

5+5': 

13+13 

Hippuris . . . 


28 


1 

;4,+,5 , : 


Phlegmaria . . 

,"-".■■■'■'"51''. 

40 

11 

I.'- " 

: 2+2, 

.''■-'.■'■4.+'5::':,v': 
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primitive in Lycopodiuwi as may be found in Brongntart and in Spring "), in 
view of such facts seems to be without any foundation; both the spiral and the 
whorled systems are incidental consequences of space relations, without any govern- 
ing principles of their own. Both alike are original patterns and the whorled systems, 
in striking contrast with nearly all other whorls, are true w-horls. 

Selaginella. In the common dorsiventral species the phyllotaxis, though subject 
to horizontal shifts in connection with the dorsiventrality and often to longitudinal 
shifts too, is essentially decussate. In some radial species conditions are quite 
different. Braun writes about them ») : “Nur rvenige Sclaginellcn zeigen cornplicir- 
tere Blattstellungsverhaltnisse, .... Sel. vupestris zeigt an den vegetativen Spros- 
sen »/s Oder q'lg, in clenAehren dagegen das gewohnliche vierzeilige Verhalten; Sel. 
spinnlosa dagegen zeigt in alien Theilen complicirte vSpiralstellungen oder compii- 
cirte Abwechslungsverhaltnisse von Quirlen und bew^egt sich dabei in cine in nicht 
minder weiten Spielraume als manche Lycopoclien” . 

Lepidodendron. Our knowdedge of the phyllotaxis of the Lepidodendron stems is 
only scanty; a determination of the parastichies round the stem is usually im- 
possible as loose parts of the stem surface are the common material. 

In view of this difficulty .Stur devised a method *) of determining a phyllo- 
tactical pattern from such loose surface parts. Though he thought he had obtained 
good results, his numerous observations are all worthless, as their basis, the de- 
termination of the orthostichies, was necessarily unsatisfactory. The only reason 
why he did not become aware of the unreliability 'W'as that he started from the 
preconceived idea that only patterns of the main series or its jugate forms were 
■possible.... .' 

The only satisfactory determinations I know of have been made by Dickson on 
15 specimens which he was fortunate enough to obtain with the parastichies round 
the stem ®). Three of these objects showed patterns of the main series : 8 -f 13 + 21 ; 
13 “T 21 4- 34;- 55 + 89; five cases were conjugated systems of the same, namely 
onebijugate 16 + 26, twotrijugate 15 + 24, 15 + 24; one quinquejugate 15 + 25, 
one septem jugate 35 + 56 + 91 ; one was of the first accessory series 18 + 29 + 47, 
two of the second accessory series, both 14 + 23, and four of three further anoma- 
lous series 6 + 1 1 + 17; 12 + 19 + 31 ; 13 + 23; 36 + 59. 

As nothing is known about the lower part of the observed stem pieces these 
may have been main stems which had not yet forked. In that case we might expect 
patterns of the main series and perhaps, as most of the cases seem to be, irregular 
degenerations of that series. There was however one amongst the 15 specimens 


Changes in phyllotactical system fi*om 



spiral 

whorl 

whorl 

spiral 

spiral to 
ii + (n+2) 

ri + (n ~]“ 2) 

n + (n + 2) 

Species 

to next 

to next 

to next 

to next 

.■to next 

to next 


whorl 

spiral 

whorl 

spiral 

spiral 

whorl 

carinatum 

7 

1 






dichotomum 

18 

21 

2 

1 

1 

— 

1 

Hippuris 

9 

6 

4 

— 


1 


Phlegmaria 

2 

3 

— 

__ 

— 

! 

— 

Total i 

36 

31 

6 , 

1 

1 

1 

1 


Ad, Brongniart, op.c. II, (f.n. p. 9), p. 10. 

A. Spring, Monographie de la famille des Lycopodiacees, I, Mem. de Tacad. 
roy. de Belgique 15, 1841 ; do do II, ibid, 24, 1848; see II, p. 303. 

Al. Braun 1874, l.c. (in. p. 16), p. 61. 

4) SxuR, l.c. (f.n. p. 19), p. 342 (236)~-368 (262). 

Al. Dickson, Ori the phyllotaxis oi Lepidodendron, Transactions of the Bo- 
tanical Society 11, Edinburgh, 1873, p. 145. 
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which bore a lateral branch; this branch had a pattern 8 -J- 13 'the latter case 
evidexitly is against our theoretical view. : > - uillci ease 

Sigillaria. Here again we have numerous but worthless observations bv Stur 
and moreo\er numeious determinations b}?' uSTaumann and b\,' GoLDi'XBiCRG 
who both tried a variation of Stur’s method by the so-called -quincunx’’ method ; 
a method which is as bad as the other. This judgment has alreadv been enounced, in 
a very polite but nevertheless determined way, by Al. Braux *) to whom Prof 
Bronx had sent Naumann’s paper to report upon' For us Braun’s paper is nnte- 
w’orthly as he added a positive contribution to his criticism, an observation on a 
stem piece of S. or S. wmm^7^am;in which the pattern successive! v cliauged 

from 42 -f 43 into 43 + 43 and further into 43 -f 44; being high systems of the 
kind mentioned above. 

We might now ask reversely whether there are any plants with the same peculiar 
systems n + n and n -h (n -f 1) wdthout dichotomous branching. As far as I 
know, such plants are not on record. The only case perhaps might have been 
given by AsterocJilaena laxa where Bertrand s) determined the phvllotaxis in 
three stem pieces as 10 -f 11, 10 +10 and 11 + 11. The mode of branching is 
unknown but as the longest stem piece on record is not yet twice its diameter in 
length, the supposition that the stem branched dichotomously as in the related 
Coenopteridineae is not very risky. 

So we see, that the facts, as far as available, on the whole point towards 
the correctness of the theoretical view given above about the relation be- 
tween dichotomic branching and phyllotaxis. The facts related in §5, p. 17 
sub / tend to support the same view. As all lateral bulbils treated there may 
be compared to shanks in very unequal dichotomies, we may expect that 
the phyllotaxis of the podium w-ill be continued on the large shank with 
only a small interruption at the side of the small shank; over this inter- 
ruption the system will soon close up again, and may do so in the same 
pattern as was present in the podium. In such a way it becomes clear why 
at the place of insertion of the small shank only one or two leaves of the 
system are lacking and, moreover, why a number of bulbils tends to disturb 
the phyllotaxis entirely. 

As the other disturbing factor for phyllotaxis I mentioned the false 
whorl formation. Like the leaves in so many megaphyllous plants, the 
niicrophylls too may become secondarily connected so as to form whorls. 
This process has to be taken as an ontogenetic one, as it is brought about 

q SxuRl.c.p. 400 (294). 

-) C. F. Naumann, tlber den Quincunx, als Gesetz der Blattstellung bei Sigillaria 
und Lepidodendrum, Neues Jahrbuch ftir Miner., Geogn., Geol. und Petrefakten- 
kunde, berausg. von von Leonhard und Bronn, 1842, p. 410; C. F. Naumann, 
Ueber den Quincunx als Grundgeset^ der Blattstellung vieler Pflanzen, Dresden 
und Leipzig 1845; a third paper in Poggendorff’ Annalen is alluded to by tlie author 
but not quoted. 

») F. Goldenberg, Lc. (f.n, p, 12), Heft 2 p. 2. 

^) Al. Braun, liber die Blattstellung der Gew§,cbse, mit Beziehung auf die fos- 
silen Formen und die vorangehende Abhandlung, same place as the first paper by 
Naumann, p. 418. 

®) P. Bertrand, Structure des stipes d* Aster o chi aena laxa Stenzel, Mem. Soc. 
Geol. du Nord, 7, 1911, p. 5. 


40 


J. c. SCHOUTE, MORPHOLOGY 


bjr metatopies; i.e. by shifts and one-sided extensions of the developing 
primordia or even of the still invisible preliminary stages. 

In the ylf few the phenomenon occurs on a large scale, and is of 
taxonomic interest. It is attended by a strong lateral binding of the 
neighbouring leaves in the whorl, as becomes obvious from the strong 
torsion to be observed in the rare cases of “Zwangsdrehungen’t ^). Two 
successive whorls have a certain tendency to isomery, though, especially 
in polymerous shoots, the numbers are hardly ever identical. 

Successive whorls usually show a certain spatial relation of the members 
of the one to those of the other. In Equisetum and in many other Articu- 
latae this relation amounts to an alternation. In strictly isomeious wlaorls 
the alternation is perfectly realized; in heteromerous whorls tlie rule is 
adhered to as far as possible. When for instance a whorl of 10 members 
follows on a whorl of 1 1 , nine of the higher members alternate with the 
lower whorl, the tenth lying exactly over a member of the lower whorl 
with an unusually large space at both sides. Even in the torsion cases of 
Equisetum we may observe the same imperfect mode of alternation of 
successive windings of the spiral. 

In Asterocalamites the relation is quite different ; here superposition is 
the rule. Yet we have an absolutely analogous solution of the difficulty 
offered by the numerous deviations from strict isomery, especially in the 
whorls with very high numbers of members; in such cases nearly all leaves 
are placed exactly over leaves of the lower whorl, but for a number of 
places, where one or a few members occupy an alternate or an intermediate 
position. 

It is exactly from these deviations from the rule that the false whorl 
character may be concluded, as no true whorls could ever show such 
phenomena; every departure from the isomerous condition in true whorls 
must change the whole character of the system. 

Alternation and superposition are not the only spatial relations of 
microphyll whorls; in the case of junction of whorls consisting of different 
organ categories, as may be observed in some strobili, more complicated 
relations are sometimes realized. We find this in Calamostachys, where two 
kinds of phyllomes, sporophylls and sterile scales 2 ), both arranged in 
whorls, follow in turn. The numbers in the successive whorls have no tend- 
ency to isomery here, but the sporophyll whorls are nearly isomerous 
among each other. The bract whorls, lying between the sporophyll whorls, 
have about twice the number of scales each, or in other cases their normal 

Already figured for Equisetum fluviatile by J. P. Vaucher, in: IHonographie 
des Preles, Geneve 1822. 

“) Usually called bracts, a very inappropriate name, as the term bract has a 
strictly defined meaning in botanical morphology, namely of a subtending phyb 
lome, especially in inflorescences. 
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number is one and a half that of the sporophyll whorls (C. magnac cnicis). 
These relations may be paralleled by the junction of a stamen whorl of ten 
to a corolla of five, or by the junction of a dimerous gynoecium to a pen- 

tamerous androecium. 

Usually in these cases the sporophyll whorls in themselves are superposed 
upon each other, whereas the scale whorls alternate amongst eacli other, 
in such a way that when half of the members of one scale whorl alternate 
with those of the lower sporophyll whorl, its other members being super- 
posed to the same sporophyll whorl, the next scale whorl takes an inter- 
mediate position, no scale being alternate to nor superposed to the 
sporophylls. 

All whorls in these remarkable cases only keep true to their normal 
number in a general way, not in detail ; deviations occur and bring about 
unusual spatial relations locally. It is exactly from this lack of consistency 
that we conclude that we must abandon the old view of Scott, Hicklixg 
and Browne, in later papers rejected by both Scott and Browne ^), but 
defended again emphatically by Hirker 2), that “bracts" and “sporan- 
giophores" should represent dorsal and ventral lobes of a phyllome, or as 
Hirmer calls it a “Sporophyll-Einheit'h Hirmer tries to argue away the 
importance of the abnormalities by distinguishing between the “prinzi- 
pielle Organstellung’' and the observed arrangement, affected by dis- 
turbances ; a set of natural suppositions about the real processes determining 
the organogeny, might, however, prove difficult to correlate with such a 
view.. ' 

In Sphenophyllum mid in which are often compared with 

C alamo stachys in this respect, conditions- are quite different. Here a 
sporophyll really may consist of a dorsal and a ventral lobe, as dealt with 
above p. 34, and in such placeswhere the successivewhorlsarehetero- 
merous these two storeys always correspond. 

Finally we may perhaps cite as a third factor disturbing ph^dlotaxis, 
ridge formation, the arrangement of leaves in false orthostichies. 

This phenomenon is strikingly developed in the but 

owing to the absence of sufficient data we can only point out its importance. 

In phyllotactical respects it reminds one of the ridge formation in 
Cactaceae. Whenever the pattern changes, existing orthostichies may be 
discontinued or new ones may be intercalated. This is not only to be 
observed in Sigillaria in the strobiliferous zones dealt with above in § 5 
sub /, p. 20, but also in the basal parts of the stout stems, see for instance 
the figure of S. laevigata as given by Zeiller ^). 


q Browne, Lc. 1927 (f.n. p..34), p. 304- 
2) Hirmer 1927, op, c. p. 471, 472, 

R. Zeiller, op.c. 1886 (f.n. p. 12). see PL 78, fig. 3. 
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V. Kinds of microphyll plast i c s. Of course the steriie 
and the fertile inicroph3dls are already of different plastics; all Pterido- 
phvtes, only part of the Psilophytinae excepted, show this difference. Yet 
the organization of the two kinds of leaves may be the same, but for the form- 
ation of sporangia in the sporophylls {LycopodmmSelago). In other plants 
the sterile and fertile leaves may be different in most respects . 

Some Pteridophytes however have two kinds of sterile naicrophyll 
plastics; some outstanding cases will be enumerated here. 

Lycopodmm Selago. In addition to the normal assimilating leaves there 
are developed some very thick and fleshy leaves in the bulbils, containing 
reserve materials. 

L. vokibile has a marked difference between the large falcate lateral 
leaves, and the small linear upper and under leaves. 

Selaginella subgen. Hetewphylhm, The small upper leaves and the large 
under leaves are different in shape^) ; the former turning their morphologic- 
al under side towards the sky, the latter their upper side, their anatomical 
organization too is often different (5. ikfizr/msw). 

Lepidodendron and Sigillaria, If the view on the stigmarian rhizome, to 
be defended in § 11, is to be confirmed, the stigmarian ''rootlets’' are 
nothing but metamorphosed leaves, widely diverging from the photosyn- 
thetic normal leaves by their root-like apical growth, their root-like 
anatomy and their root-function. 

Sphenophyllum verticillatum and some other Sph. spp. have finely dis- 
sected leaves in the lower parts of the plant, and simple cuneate leaves in 
the higher parts. 

Equisetum. Beyond the normal sheath leaves and the sporophylls, 
Equisetum has a third form of leaves, the teeth of the annulus, being 
transitional forms between the other two. Usually they are sterile, but in 
the Equiseta crypiopora they mostly bear a sporangium at the inner side of 
each' tooth ^). 

Amongst the fertile microphylls dimorphism does not seem to have been 
developed, though of course, especially in monosporangeous sporophylls, 
mega- and microsporophylls may be distinguished {Selaginella, Isoetes). 


h Spring (l.c. f.n. p. 38, II, p. 300) develops a remarkable theory on the polarity 
of the Selaginella leaves, trying to demonstrate that every form property of an upper 
leaf is the polar contrast of the same property of an under leaf. Without any doubt 
his views are too sketchy; moreover the exposition of his views is far from clear. 

The fact is that, the right and left sides of any leaf, developing in different 
positions with regard to the zygomorphy factors in the stem, differ in many re- 
spects; so most leaves are either unequal-sided or falcate or both at the same time. 
The position of the broad halves .and the curvature of their midribs may be opposed 
in the two kinds of leaves orthey may be similar;fixed rules such as Spring claimed 
not being present. 

„ ' 2) Milde, Ic, (In. p. 33), p. 167. 
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B. The megaphylL 

I, P h y 1 o g e n e tic o r i g i n. As the first author claiming the 
development of the megaphyll from a specialized branch system Lignier 
is usually cited ^). The same view however has already been given ex- 
pressively by Hofmeister in 1851 namel^^ that the fern frond was a 
branch system, its paleae being its leaves. 

In 1916 Halle was inclined to adopt Lignier’s view on account of his 
observation of Lower Devonian forms especially of Psilophytoii Gold- 
schmidtii, in which the lateral branch systems being already dorsiventral 
seemed an approach to megaphylls, while the main stem and the basal 
parts of the branches bore numerous small spines, the microphylls. 

The subsequent discovery of Asteroxylon Mackiei with its specialized 
lateral branch systems and especially that of A\ elherjeldense where these 
systems were very clear, and, moreover, appeared to have circinate tips in 
the young condition, strongly emphasized the correctness of the general 
view, and the fact that in Asteroxylon the incipient megaphyll did not yet 
display dorsiventrality only tends to corroborate it. 

For it is clear that the original branch system may have been radially 
symmetrical, and that the acquisition of dorsiventrality factors is to be 
considered as an adaptation to the photosynthetic function. 

Subsequent authors mostly aGcepted the same view : Scott ^), Kidstok 
and Lang •^), Hirmer ®); only Goebel and Zimmermann did not. Goebel 
because he assumed the homology of all Pteridophytic leaves on account 
of the results of comparative morphology of recent forms '), and Zim- 
mermann because he derives both forms of leaves in a hypothetical way 
from a phylloid-complex, i.e, a sterile branch system; moreover he 
ascribes microphylls to the Conifers and megaphylls to Sphenophylkim ^), 

The elaboration of the fern leaf from the Asteroxylon branch system 
according to ail authors has been accomplished by the following processes: 
the acquisition of dorsiventrality factors; the gradually perfected ar-, 
rangement of all branches in a single plane, in connection with the dor- 
siventrality; the development of a lamina by a flattening out of the 
branches and by “webbing”; finally by the gradual change of the original 
dichotomous mode of branching into a monopodial branching habit. 


Lignier, l.c. (f.n. p. 30). 

Hofmeister, op.c. (f.n. p. 2), p. 87. 

“) T. G. Halle, Lower devonian plants from Roragen in Norway, K. Svenska 
Vet. Akad. Handl. 57, 1916, no. 1. 

Scott, op.c. (f.n. p. 34), p. 414. 

^) Kidston and Lang, l.c. (f.n. p, 30), p. 673. 
q Hirmer 1927, op.c. p. 688. 

q K. VON Goebel, OrganograpMe der Pilanzen, 2nd ed. II, Jena, 1915- 18, see 
on p. 914; and op.c. 1930, p. 1045. 

q Zimmermann op.c. (f.n. p. 26), p. 67. 
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The last mentioned process is even lacking in many recent fern leaves. 
{Rhipidopteris, Schizaea) with their dichotomously branching veins ; leaves 
without a lamina are to be met with in many i) ; leaves, 

which though dorsiventral do not yet bear their different branches in one 
single plane occur in the same group, Stauropteris being the best example; 
a full discussion of these phenomena ma}^ be found in Hirmer ^). 

Hirmer moreover expresses the view that serial splitting may also play 
a role in the megaphyll, namely in the Ophioglossum sporophyll. There is 
however no reason for such an assumption. The adaxial position of the 
fertile part or parts in the Ophioglossaceae is usually explained by the 
assumption of fusion of the lowest pair of pinnae, as has already been 
enounced by Roeper and defended by Mettenius long ago; for quo- 
tations see Troll 2). It was Chrysler especially who brought forward 
good arguments in favour of this view. 

Troll rightly remarks that even a fusion of the two lowest pinnae is not 
to be assumed in all cases, as the two rows of lateral pinnae of the common 
leaf may be united by a basal curve at the adaxial side of the leaf, and a 
single pinna in the middle of this curve exactly assumes the required 
position^). 

The megaphylls of the Filicinae, even when formed in dorsiventral 
shoots, do not seem to have ever acquired a notable asymmetry ; at least no 
examples have come to my knowledge. 

II, The sterile megaphyll. Though the sterile leaf may 
consist of a lamina only, a more or less clearly defined petiole is usually 
present. 

The lamina may sometimes be simple [Cyathea simiata, Salvima), but in 
most cases it is compound, often being very finely dissected. It is further 
customary to call the leaflets pinnae, and the terete parts rachis. x\mongst 
the compound leaves the pinnate up to multipinnate forms strongly 
prevail ; of other types the following may be instanced : the palmate leaf 
{Hemiomtis palmata), the pedate leaf [Adiantuni pedatum), the dichoto- 
mously dissected leaf {Schizaea). 

For details of the organization of the lamina and its venation the reader 


q Hirmer 1927, op. c. p. 688. 

q W. Troll, Uber die Blattbildung der Ophioglossaceen, insbesondere von 
Ophioglossum, Planta 19, 1933, p. 547. 

M. A. Chrysler, The nature of the fertile spike in the Ophioglossaceae, An- 
nals of Bot. 24, 1910, p. 1. 

q In his masterly doctor’s thesis Eichler describes (A. W. Eichler, Ziir Ent- 
wickelungsgeschichte des Blattes mxt besonderer Berticksichtigung der Neben- 
blatt-Bildungen, Inaug. Diss. Marburg 1861) the same condition of two lateral 
rows of leaf-members, uniting basally by an adaxial “Transversalzone”, such as hC' 
observed in plants with peltate leaves and also in many others like Oxalis, Lupinns 
and Geranium (op.c. p. 1-3). 
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may be referred to the works of Goebel and Bower -) ; only a few points 
may be mentioned here. 

In the first place the remarkable apical growth of the lamina and its 
pinnae may be mentioned, and the correlated circin ate vernation of these 
parts, characters which do not occur in microphylls and which may be due 
to the phylogenetic origin of the megaphylL This apical growth may even 
be unlimited {Lygodium), ov it may act periodically, in which case the 
apical meristems may be protected by special leaflets, so that a kind of bud 
is formed in the leaf organization 

In the second place a remark on the venation. In many cases every vein 
may be considered to represent a branch of the original branching system. 
This is only possible however for the ‘'open” venation without commissural 
veins; in the "closed” venation and its elaboration, the reticulate venation, 
the veins obviously have lost this homology with branches, or in other 
terms, the morphogenetic forces inducing the veins are no longer modified 
branch forming factors. 

Besides a blade and a petiole, in some forms stipules [Maratiiaceae) or a 
sheath [Ophioglossum) may be present in the leaf; a ligule is never formed. 
The last parts to be mentioned are the aphlebiae, leaflets of quite different 
plastics from the other, normal leaflets. They often have a protective 
function and formerly were usually designated as adventitious pinnae. In 
accordance with the theory of the diphyletic origin of the Pteridophyte leaf 
they have later been regarded as microphylls, borne on the megaphyll 
{Scot'x Hirmer4)). No doubt however Bower is right in contending 
that though some of these aphlebiae may indeed be microphylls, most of 
these formations are only specially differentiated true leaflets of the 
megaphyll. 

III. The fertile megaphyll. The demarcation line between 
the sterile and the fertile megaphyll is not very sharp. Not only in many 
cases are the plastics of both absolutely the same but for the production of 
sporangia in the sporophyll, but also many megaph^dls are partly sterile, 
partly fertile, with all possible size relations between the two parts. 

From the theoretical conception of the phylogenetic origin of the 
megaphyll it is clear that a marginal position of the sporangia must be held 
as primitive. The usual position of the sporangia however is on the leaf 
underside ; this position is connected with the marginal position by so many 
transitional stages, that a phylogenetic shift of the position is easily 
assumed ; moreover marginal sporangia and sori even occur in recent 

h Goebel 1930, op. c. p. l 171-1209. 

h Bower 1935, op. c. p. 302-316. 

q Scott, op. c. p. 414. 

■q Hirmer, 1927, op.c. p. 690. 

q Bower 1935, op.c. 628. 

«) Compare Bower 1935, op.c. p. 371. 
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ferns and in rare cases even the upper leaf surface may bear sori (Poly- 
stichum anonialum^)). 

The sporangia in relatively rare cases are produced singly; in most cases 
groups of sporangia are formed, called sori, or if the spoi'angia become 
concrescent, synangia, .The sori are often protected by an indusium, an 
enation. For the manifold modes of organization and of position the works 
of Goebel and Bower and, also, the taxonomic literature may be consulted. 

In the case of the development of mega- and microsporangia the sori 
may also be differentiated into mega- and microsori (Salviniaceae) or they 
may be bisexual, mixed (Marsiliaceae); megSi- and microsporophylls, so 
common in the seed plants, are unknown in the 

The sporophyll of heterosporic FiUcinae may develop fruit -like bodies, 
the sporocarps (Marsiliaceae), each consisting of a leaflet which by folding 
towards the adaxial side and concrescence of the free margins is converted 
into a hollow sac, like the ovary of a follicle, in the interior of which a 
number of indusia are produced and which by its peculiar differentiation 
strikingly reminds one of seed coats or fruit walls ^), 

IV. Phyllotaxis. Fern leaves evidently are arranged according 
to the same phyllotactical laws as those of Angiosperms. The systems of the 
main series strongly predominate; in dorsiventral rhizomes systems 1 + 1 
are very frequent, in stout erect stems high spiral patterns prevail. Whorl 
formation rarely occurs: regularly in Salvinia (trimerous alternating 
whorls), in many Psaronii and side by side with spiral patterns in some 
tree ferns ^). 

The fact that the phyllotactical laws of megaphylls and of microphylls 
are the same, notwithstanding the diphyletic origin of the two kinds of 
leaves, may represent a parallel adaptation. It is however also possible, 
that the phyllotaxis of megaphylls is derived from the cladotaxis of the 
original smaller dichotomy shanks, and that in some ancient form with 
both microphylls and lateral branch systems both have been arranged 
independently according to the same laws. 

V. Kinds of megaphyll plastics. All FiUcinae pos- 
sessing sterile and fertile leaves in a certain sense are heterof)hyllous. Yet 
the difference between the two kinds may only lie in the presence or 
absence of sporangia or sori (Pteridium aqiiilinum) or there may be other, 
often very great, differences (Matteucia Stmthiopteris). Often a leaf may be 

q F. O. Bower, The ferns, III, Cambridge 1928, see p. 259. 

The sorus of the Salviniaceae is often wrongly called sporocarp too, as by 
SA0EBECK in Engler & PRANTE op.c. 1902, p. 391 and even in the last edition 
(1936) of the well-known Bonn textbook. 

K. G. STENZEE,,Die Psaronien, Beobachtungen und Betrachtungen, Beitrage 
zur Palaontologie nnd Geologie Osterreich-Ungarns imd des Orients 19, 1906, p. 85, 
see p. 1 14. . . 

See ScjaouTE 1914 hc. (f.n. p, ,9), p. 151. 
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partially sterile, partially fertile {Osmunda regalis), with great difference 
between the parts. 

In some cases the sterile leaves are dimorphic too: the nest leaves and 
the foliage leaves of being one instance, the floating leaves 

and the submerged leaves of Salvinia another. Moreover great differences 
may be found between juvenile and older leaves [Asplenium epi-piivti- 
mm ^). 

§ 9. The strobilus. — A strobilus is a more or less condensed stem of 
limited growth, bearing a number of sporophylls. 

In the bud condition the sporophylls are usually densely packed, forming 
a kind of investment protecting the sporangia. The investment may consist 
of the shield-like dilations of the sporangiophores {Equisetum) or of the 
upturned laminar part of the sporophylls {Lepidostrobm, Sigillariostrohm), 
or of separate sterile lobes of the sporophylls [Sphenopliyllmn Dawsoni), or 
finally of a number of separate sterile phyllomes, intercalated between the 
sporophylls {Palaeostachya, C alamo stachys). 

In the older literature the strobili were usually called spikes or cones, 
terms which have not yet entirely disappeared from modem, literature. 
The}?' are however to be avoided on account of their different morphologic- 
al meaning in the Spermophytes. In some cases the strobili are called 
flowers, a designation to which less objection is to be made, as flowers 
are specialized strobili. It seems however more appropriate to retain the 
term strobilus for the less specialized reproductive shoots of the Pteri- 
dophytes. 

Strobili are present in many Lycopodiinae and in most Arficulatac; 
instances of forms without strobili belonging to these classes are Lycopo- 
dium Selago and Sphenophyllum temiissimmn. In the Psilophytinae, the 
Psilotinae, Isoetinae and Filicinae they are altogether lacking. 

The strobili may be borne terminally {Lycopodium, Lepidodendjon 
obovaium, Selaginella, Equisetum) or laterally (LepidopJdoios, Bothrodcn- 
dr on ) . 

In the case of heterosporous strobili there is usually a fixed rule for the 
distribution of mega- and microsporangia. In most cases the rule amounts 
to the production of megasporangia, casu quo of megasporoph^dls, at the 
basal part of the strobilus, the microsporangia (microsporophylls) oc- 
curring at the apical part [Lepidostrobus VeUheimianus, Calamostachys 
Casheana, Selaginella spp. with erect radial strobili ^}). 

In other cases the rule may be different; in Selaginella spp. with Iiori- 
zontal strobili, the megasporophylls form the two ventral, the micro- 
sporophylls the two dorsal rows; in pendulous Sel, strobili the mega- 


h See Goebel 1930, op.c. p. 1188. 

2) See Engler & Prantl, op. c. p. 659.’ 
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spuropliylls may occupy the morphological apical, the microsporophylls 
the basal part (ibid.). 

§ 10. Special parts of the embryo. — In the second half of the last 
century great expectations were entertained about the results of compar- 
ative embryology. Developmental studies being in high esteem, the 
great success of animal embryology invited analogous work in botany. 

So the succession of cell cleavage in the embryo was accurately studied 
and the cell divisions leading to organ formation were recorded. On the 
whole we may say however, that the results have fallen short of the ex- 
pectations ^). 

Even such a fundamental distinction as that between exoscopic 
embryos, where the apex of the young sporophyte is directed towards the 
archegonium neck, and endoscopic embryos, where it is directed towards 
the base of the archegonium, did not prove to have the taxonomic value 
one might expect, the embryos of Equisetum, Isoetes, Ophioglos- 

sum, Botrychium Lunaria and of Leptosporangiatae being exoscopic, those 
of Lycopodmm, Selaginella, Marattiaceae, Botrychium ohliquum and 
being endoscopic ^)). 

Special organs are formed in all or nearly all embryos, as adaptations 
to the condition of development in the archegonium at the expense of the 
prothallus. Of these organs the foot and the suspensor will be dealt with 
here. 

1. The foot. Contrary to its name, the foot serves as a haustorium, re- 
ceiving nutritive substances from the prothallus. Accordingly in Tmesipte- 
ris it even has an irregular surface in contact with the prothallus. Some- 
times as in Lycopodium Selago it is not conspicuous, but it seems to be 
present in all Pteridophytes. Its position in the embryonic body may vary, 
or as Bower expresses it : “the haustorial organs . . . .included under tlie 
term “foot” . . . .are, in fact, opportunist growths, formed in positions 
convenient for the plant”. 

2. The suspensor (“ Embry otrager”) is an organ of quite another function 
as it is destined to push the embryo farther into the prothallus. Accordingly 
it develops in the embryo at the side of the archegonium neck. 

It occurs in Lycopodium-, in Selaginella and in some Filicinae -), amongst 
the Ophioglossaceae we find both embryos with and without a suspensor; in 
Angiopteris we may even have specimens of both forms in the same 
species . 

q Detailed surveys of the facts with full quotation of the extensive literature 
may be found in Engler & Prantl, op. c. (1902), Goebel, op. c. (1930) and 
Bower (1935). 

q All from Bo'WEr 1935, op.c. 

q Bower 1935, op.c, p. 542. ' 

q See Bower 1935, op.c. 
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These facts all point to the unstable and morphologically not very 
important character of these adaptations, Bruchmann describes the 
interesting fact that the suspensor in SelagineUu Kraussiana and 5. 
Poulten is much reduced and is replaced by another organ of analogous 
position, the embryo tube (“Embryo Schiauch” ^)) which however does not 
belong to the embryo but develops from the basal archegonium cell 
surrounding the egg cell 

§ 11. Organs which have given rise to controversies about 
their morphological nature (cf. p. 123). In this paragraph the follo- 
wing organs will be dealt with: The sporophyll, the rhizophore 

of Selaginella, the subterranean basal parts of some more or less related 
Pteridophytes, namely the stigmarian axis with its rootlets and the basal 
parts of Phiiromeia, Isoetes and N athorstiana . 

The protocorm, the tuberous stage of the Lycopodmm embiA^o will not 
be treated, as it has become clear that these tubers are nothing but an 
occasional adaptation without phylogenetic importance ; the reader may 
be referred for it to Bowser -) who after having cited the literature con- 
cludes that it will be best to drop the term protocorm altogether. 

The aphlebiae are not treated either, as Bower’s conclusion has alread}^ 
been cited in § 8 on p.45, that under this name two different categories 
have been included, namely microphylls and specialized megaphyll pinnae. 

Before dealing with, the indicated topics one general remark may be 
advanced on the so-called organs sui generis. It is a well-known fact that 
several . authors have little objection to declaring an organ to be sui 
generis, when the morphological nature is difficult to determine, 

A sui generis organ however should properly be a novelty, not having- 
arisen by metamorphosis of existing organs, and such novelties are rare in 
living organisms. Of course they must have occurred sometimes, and perhaps 
the microphylls were such a novelty once, or the ligule of the Ligulatae. 

But in most cases the so-called sui generis organs are evidently special- 
ized forms of other organs, and often the assumption of the sui generis 
character is only an easy means of getting rid of the difficulty, an apparent 
solution which may retard the attempts to find a real solution. 

The origin of a new specialized form of an organ must be supposed to take 
place by a change in the morphogenetic forces for the special organ. When, 
for instance, in a plant group the stem develops two forms with different 
plastics, the morphogenetic stem factors must have been specialized in two 
directions, or besides the old unchanged set of factors a somewhat different 
modification must have been segregated from it ; it is clear that the two 
different organs arising in this way are homologous. 

H. Bruchmann, Zur Reduktion des Embryotragers bei Selaginellen, Flora 
105, 1913, p. 337. ^ . 

2) Bower 1935, op. c. p. 272. 

Manual of Pteridology ^ 


50 


J. C. SCHOUTE, MORPHOLOGY 


For the discrimination of homologous organs considerable weight has 
always been attached to the occurrence of transitional stages. Evidently 
this is due to the fact that the nearer the relation between the two sets of 
morphogenetic factors, the easier the occurrence of transitions. Especially 
in such cases where a*number of consecutive organs are formed in which a 
change of character follows, as for instance in sporophylls following on 
foliage leaves, the change may often be executed gradually and the study 
of the transitional stages formed in this way may give excellent information 
on the homology of the different organs and their parts. 

Most authors in declaring some organ to be sui generis, add their opinion 
that the whole question of the inclusion in one or another category is only 
of an academic order, or utterly unimportant, or some qualification like 
that. This only shows the more that they do not take it as a question of 
real biological processes, but only as a concern of idealistic morphology, a 
branch of science which for some unknown! reason always wants to pigeon- 
hole all topics in a pragmatical way. 

L T h e P s i 1 o t u m s p o r o p h y 1 1 . In § 8 on p. 34 the 
complex sporophyll of some Artimlatae has been declared to be a single 
phyllome, and for Psilotum the same conclusion has been tacitly assumed. 
A number of authors however have claimed an axial nature for the 
fructificative complex; the first of them being Juranyi^), who derived 
his arguments from ontogenetic facts, from the presence of an apical cell 
for the synangium etc. 

Many botanists later followed Juranyi, not only vSachs, Strasburger 
and Goebel, but even Eichler; on the other hand Luerssen, Prantl 
and Celakovsk'^' always adhered to the foliar nature of the complex. In an 
excellent paper Solms-Laubach clearly proved that Juranyi's facts 
were all ill-observed and that on the contrary the development was more 
in favour of the foliar nature than of the axial nature ^). In the same paper, 
to which reference may be made for the older literature, Solms pointed 
out the transitions occurring between the sterile leaves and the sporophylls 
and concluded that if the latter should really be taken for lateral brandies, 
then the sterile leaves would be monophyllous lateral branches too. 

Accordingly after Solms's investigation the general opinion changed: 
Velenovsk!?’ and Seward again accepted the foliar view. The subse- 
quent discoveries of the Rhynie fossils with their stem-borne sporangia, 
however, so strongly impressed all botanists, that several of them again 


b L- Juranyi, tlber den Ban nnd die Entwickelimg des Sporangiums von 
Psilotum triquetrum Sw., Bot. Ztg. 29, 1871, col. 177. 
b Solms-Laubach, 1.884, l.c.: (f.n. p, 32). 
b VELENOVSKy, op.c; p;215. 

; . ') A. C. Seward, Fossil Bants, , II, Cambridge 1910 , see p. 23 . 
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took up JuRANYi's view: as for instance Sahni and Krausel and \Vey~ 
LAND 2). The last mentioned authors even put forward the old argument 
that the fertile leaves of PsiloUm possess a . stele which is lacking in the 
sterile leaves, although Solms had already shown that Psilotnm flaccidum 
has a leaf-trace for every leaf and that even in Ps, triquetrum part of the 
leaves have weak traces. 

As far as I can see there can be no doubt as to the true foliar nature of 
the sporangium-bearing complex on account of the following arguments. 

In the first place, because of the transitional stages already pointed out 
by Solms, which clearly prove the homology of the two categories of 
organs.. 

In the second place because of the analogy with SpIienopJiyllum, to 
which Scott and Seward have pointed ; the forked sporophyll with a 
small number of adaxially borne sporangia occurring in both. 

In the third place on account of the phyllotactical relations. In Psilotnm 
triquetrum the sterile leaves at the main branches are placed irregularly. In 
the thin branches they are however placed in a tristichous system 1+2, 
together with the transitional stages and the sporophylls; this has been 
remarked already by Goebel and it would be very hard to explain if the 
two categories of organs were not homologous. 

The only other solution, that the sterile leaves are cauline too, is more or 
less explicitly defended by Zimmermann, who derives both microphylls and 
megaphylls from overtopped dichotomy branches ^), a view to which, 
however, few botanists will have recourse at the present stage of our 
knowledge. 

2. The Selagineila rhizophore. The well-known 
rhizophores of Selagineila share some properties with, roots (positive ge- 
otropy, lack of leaves), others with stems (exogenous origin, lack of root- 
hairs and calyptra). Their anatomical constitution varies much in the 
different species and is what might have been expected from leafless stems, 
modified in the direction of roots; if they were true roots the structure in 
some species would be quite uncommon, even unique in the plant kingdom 
(see Ch. II § 2, A, III, e). The}^ are easily converted into leaf-bearing shoots. 

In view of these facts all three possible opinions have found their de- 
fenders, that rhizophores are transformed stems (e.g. Pfeffer, Treub, 
Bruchmann, Velenovskaa Worsdell, Troll) ; that they are roots (Van 

q B. Sahni, On Tmesipteris Vieillardi Dangeard, an erect terrestrial species 
from New Caledonia. Phil. Trans. R. S. London, 1925, B 213, p. 143. 

q R. Krausel nnd H. Weyland, Beitrage zur Kenntnis der Devonflora, Seii- 
ckenbergiana 5, 1923, p. 154, see on p. 169. 

q D. H. Scott, Studies in fossil botany, London 1900. 

q Sew'-ard, 1910, op.c. p. 17. 

q Goebel, 1930, op.c. p. 1252. 

“) Zimmermann, op.c. p. 125. 



52 


J. C. SCHOUTE, MORPHOLOGY 


Tieghem, Harvey-Gibson, Uphoff), or that they are organs sui generis 
(Goebel, Bower). For references to the literature the reader may consult 
some of the later authors ^). 

About the improbability of the last opinion little remark need be made 
after what has been said about the sui generis organs in the introduction to 
this paragraph; the many features the rhizophores share with stems and 
roots completely exclude the idea of development in an independent way. 

If rhizophores were transformed roots there would be no explanation 
for their exogenous origin and their lack of root-hairs and a calyptra ; if, on 
the other hand, they are stems with a root-bearing function it is quite 
natural that they are transformed in the root-direction. There seems there- 
fore no room for doubt that rhizophores are specialized stems. 

3. The stigmarianaxis. The large main root-like organs of 
Lepidodendron and Sigillaria, known as Stigmaria and in some cases as 
Stigmariopsis, have even given rise to more comment than the rhizophores. 
They are either thick and long, dichotomously branching horizontal organs 
very slowly tapering towards their apices {Stigmaria), or shorter and more 
downward sloping organs with stout positively geotropic lateral branches, 
the so-called tap-roots (Stigmariopsis). They arise from the stem base, and 
are usually four in number, a fact which is attributed to a once repeated 
dichotomy. 

' The stigmarian axes always bore a very large number of appendages, 
the so-called stigmarian rootlets (see sub 4), arranged in a high pliyllotactic- 
al pattern. These rootlets were produced close to the dome-shaped apex 
• of the stigmarian axis, and Solms-Laubach even wrote: 'Tndem sie sich 
vorwarts kriimmen, neigen sie sich knospenartig um den Scheitel zusam- 
men’' ^). This remark, based on personal observation, surely deserves 
consideration; it should however be confirmed by new and detailed, 
investigation. 

The appendages were formerly believed to arise exogenously, but Lang 
found in Stigmaria bacupensis that the two tissue zones of the rootlet outer 
cortex, which are continuous with two similar zones of the stigmarian 
axis, are covered in the latter by a third zone of three or four delicate and 
ill-defined cell-layers. 

The rootlets are not only arranged in a phyllotactical pattern as leaves 
are, but they also cause distinct gaps in the axis stele, showing the same 


h J. C, Th. Uphof, Contributions towards a knowledge of- the anatomy of the 
genus Selaginella. The root. Ann. of Bot. 34, 1920, p. 493; S. Williams, An anal- 
ysis of the vegetative organs of Selaginella gvandis Moore, together with some obser- 
vations on abnormalities' and experimental results, Trans. Roy, Soc. Edinb., 57, 
1931, p.l. 

H. Graf zu Solms-Laubach, Einleitung in die Palaophytologie, Leipzig 1887, 
see p. 276. 
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arrangement as the rootlets themselves; for lateral roots this would be an 
unparalleled phenomenon. 

Some authors have concluded that the stigmarian axis was a root. 
Williamson strongly insisted upon this view ; his only argument how- 
ever was the function, morphological facts not being taken into consider- 
ation. Zeiller in his earlier years was inclined to the same view, though 
less decidedly ^) , and Lindinger arrived at the same conclusion on the very 
slender basis of a comparison with the large roots of Dracaena 

These views no doubt are erroneous, as a root never would bear organs 
in a phyllotactical pattern, causing gaps in its stele, particularly while its 
root function remained unaltered. 

Of course the sui generis view has been held too: as its defenders we 
may quote Goebel ^), Potonie ^), Zimmermann and Bower ’), As re- 
marked above, this view would imply that the stigmarian axis should have 
been formed anew by the plant, without borrowing its numerous cauiine 
characters from the stem. 

A third category of authors compares the stigmarian axis with the 
Selaginella rhizophore : Scott and especially Troll may be instanced. 
As the rhizophore represents a modified stem, this opinion deserves some 
more attention that the above ones. Yet it seems unacceptable on the 
following ground. 

The rhizophore is more advanced than the stigmarian axis in having 
lost all traces of lateral organs borne in a phyliotaxis. On the other hand it 
is less advanced in still bearing true roots; as we presently shall see the 
stigmarian axis was devoid of roots. It is therefore not probable that either 
of the tw^o should be derived from the other. 


b W. C. Williamson, A monograph on the morphology and histology of Siig- 
maria ficoides, London 1887, in : The palaeontographical society, volume for 1886. 
See foot-note on p. 5. 

2) R. Zeiller, Vegetaux fossiles du terrain houiller de la France, Paris 1880, as 
vol. 4 of “TP explication de la carte g(§ologique de France”. 

3) L. Lindinger, Die sekundaren Adventivwurzeln von Dracaena iind der mor- 
phologivsche Wert der Stigmarien, Jahrbuch der Hamb. wiss. xAnst,, 26, 1908, 3- 
Beiheft, p. 59, Hamburg 1909. 

h K. Goebel, Morphologische und biologische Bemerkimgen, 16. Die Knollen 
der Dioscoreen und die Wurzeltrager der Selaginellen, Organe welche zwischen 
Wurzeln und Sprosse stehen, Flora 95, Erg. Bd. 1905, p. 167. 

q FL Potonie, Lehrbuch der Pflanzenpalaeontologie, Berlin 1899, see on p. 
214; moreover Potonie op.c. 1912, (f.n. p. 29), p. 236. 

®) Zimmermann, op.c. p. 148. 

') Bower 1935, op.c. p. 236. 

®) Scott 1920, op.c. p. 239. 

Troll 1934, l.c, (f.n. p. 10). 
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In the older literature many other improbable views have been given ; 
for these Solms refers to a survey given by Goeppert. 

So only the view which has been adopted by so many authors remains, 
namely that the stigmarian axis is a rhizome. This, in my opinion un- 
doubtledly correct, view has been held by: W. Ph. Schimper, B. Renault, 
Solms-Laubach, Grand’Eury, Zeiller ^), Hirmer, Weiss *^), and 
Kubart ^). 

The objection raised by Troll ^), that the stigmarian axis cannot be 
a rhizome, because of the lack of innovation buds producing aerial stems, 
does not seem well-founded. Even if it may turn out that the stigmarian 
axes never formed such innovation buds, the designation as a rhizome 
might be used for these specially adapted subterranean stems. 

Moreover the problem as to how the aerial stem, was produced remains 
quite unsolved up to the present day. 

Goeppert, Renault and Grand'Eury came to the conclusion tliat the 
stigmarian axis in some way produced large tuberous thickenings giving 
rise to an aerial stem and also to new stigmarian axes ; Goeppert compared 
it with the way in which moss stems are borne on a protonema. 

Williamson, the best connoisseur of the English forms, was strongly 
opposed to this view. Later authors howler admitted the possibility of 
such vegetative propagation. Solms in his excellent “Einleitung'" discussed 
the question at length and concluded by saying that the conception, as 
given by these authors, is very plausible and explains everything com- 
pletely. It is only a pity that the actual basis of observed facts is not 
worth much, the indications of a parent rhizome at the tree base especially 
being entirely lacking. 

So by negative evidence the existance of vegetative propagation became 
less and less probable; yet Seward wrote in 1910 that he still believed 
the main contentions of Renault and Grand'Eury to have been correct. 

It is only quite lately, by the discoveries of Walton,®) that positive 
evidence has been adduced for the direct elaboration of the tree from the 
sporeling, for the case of Lepidophloios Wiinschianus. Walton succeeded in 


h Solms-Laubach 1887, op. c. p. 288, 

R. Zeiller, i^lements de paleobotanique, Paris 1900, see p. 202. 

F. E. Weiss, A re-examination of the Stigmarian problem, Proc. Linn. Soc. 
London, session 144, 1932, p. 151. For further quotations see Hirmer 1927 op.c. 
and especially Solms-Laubach op.c. 1887, p. 270. 

B. Kubart, Stigmaria Bgt., Mitth. naturw. Ver. Steiermark 71, 1934, p. 33. 
Troll ,1934, Lc. p. 94. 

«) Solms-Laubach 1887, op.c. p. 299. 
h Seward 1910, opx. (in. p. 60), p. 238. 

®) J. Walton, Scottish lower carboniferous plants;, the fossil hollow trees of 
.Arran and their branches [LepidopMoios Wunsekianus Carruthers). Trans. R. Soc. 
Edinb.'Sa, 1935, p.:313;: .. ' ' ' 
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observing the well preserved primary xylem of the stem base in several 
specimens and he found it to consist of a solid core of very small dimensions, 
probably less than 2 mm in diameter at the base, and soon enlarging 
upwards in the stump to a medullated primary xylem cylinder of about 
20 mm. 

The slender primary xylem cylinder moreover showed two shallow 
grooves at its periphery, not present in other parts of the plant, which the 
author, in all likelihood correctly, connects with the stigmarian base. 

These facts’ really are strong indications of a direct development of 
the stem from the sporeling. Of course many unsolved questions remain; 
thus we should like to know how the primary cortex of say 30 cm in diame- 
ter may have been elaborated, and especially we should like to have some 
knowledge about the origin of the stigmarian base. 

As far as the facts go I should therefore be inclined to the supposition, 
that in many Lepidophytes the tree was directly elaborated from the 
sporeling, whereas in some others there may have been vegetative propa- 
gation with a gradual increase in the size of the successively produced 
stems. 

There are actually some indications for the latter possibility. As such 
I may call attention to the numerous young specimens of ’Plenromeia, to 
be described beneath sub 6, which are similar in all respects to the large 
specimens. But especially I might allege the fact that in the thick basal 
stem part of Sigillaria the number of leaf orthostichies ma}^ be much larger 
than in the normal part of the stem some feet higher, through the discon- 
tinuation of a considerable number of the orthostichies; see the drawing 
by Brongniart ^). Such a condition would be natural if the stem arose 
from a large innovation bud, but if the stem was directly elaborated from 
the embryo the conditions must have been rather the reverse, as indeed has 
been observed by Goldenberg for Sigillaria cacti formis -) where between 
16 orthostichies 4 new ones were intercalated and by Kidston •^) in a 
Sigillaria of the Rhytidolepis-groups, where 29 orthostichies increased in 
number up to 45. 

In any case new facts like those alleged by Walton will be most useful; 
mere suppositions as given by Lignier or Hirmer will never be able 
to fill up the gaps in our knowledge. 

h Brongniart, l.c. 1828, (f.n. p. 14), PL 160. 

F. Goldenberg, l.c. (f.n. p. 12), 1855-1862, 1. Heft p. 38, PI. 4 fig. 1. 

■•*) R. Kidston, Fossil Flora of the Yorkshire Coalfield II, Trans. R. Soc, Edinb. 
39, 1897. 

■q O. Lignier, Interpretation de la souche des Stigmaria, Bull. Soc. bot. de 
France, 60, 1913, p. 2. The author supposes that stigmarian rhizomes by dichotomous 
branching in a perpendicular plane, gave rise to, the aerial stem at the upper side 
and to a new rhizome at the under side ; the latter by two further dichotomies formed 
the usual stigmarian base. .Fie further supposes that by apposition of secondary 
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' ' 4. T li e s t i g m a r i a n , rootle t. ' These; well-known, more or 
less cylindrical or awl-shaped and sometimes dichotomizing organs, also 
called appendages (appendices) , are usually regarded as true roots, notwith- 
standing their arrangement in a phyllotactical pattern, a unique feature 
for roots. 

Their organization and function however are similar to that of roots; 
anatomically we have only the difference of the development of a trans- 
fusion tissue in the outer cortex, connected small strands, through the 
trabecular tissue, with the stelar xylem i). 

iVpart from this small difference they have almost the same anatomy as 
the Isoetes roots; and as they are famous for their intrusive power, they 
must have possessed a strictly localized apical growth. 

Accordingly Williamson, Hirmer, Weiss and many other authors 
declare them to be roots. Yet there are some characters deviating from 
what is to be found in other roots, beyond their arrangement: they lack 
root-hairs and a root-cap, in contrast with Isoeies, The absence of the 
root-cap is especially remarkable, in view of their normal root-function. 

It is therefore no wonder that several other authors have seen metamor- 
phosed leaves in these rootlets, especially from their arrangement ; these 
are W. Ph. Schimper, Renault and Grand’Eury. On the same argu- 
ments PoTONiE and Scott recognize the homology of rootlets and 
leaves, but at the same time take them to be homologous with the Isoeies 
roots too. I shall come to the latter point below sub 5. 

Of course the idea that the rootlets are modified leaves deserves full 


tissues all these branching places became covered and withdrawn from the eye; 
a view for which it might be difficult to obtain a satisfactory anatomical founda- 
tion'.' 

q Hirmer ( 1927 op. c. p. 289; 1933 l.c. f.n, p. 32, p. 52 and 1934inapaper „Grund- 
satzliches zur Rekonstruktion des Lepidophyten-embryos. Eine Erwiderung an 
Herrn Wilhelm Troll, Palaeontographica 79, B, p. 143) suggests, especially in the 
second paper, that in the embryo of Lepidodendron both epibasal and hypobasal 
halves may have been active, not only the epibasal one as in Isoetes, or the hypo- 
basal one as in Lycopodium and Selaginella\ in such a way two poles might have 
been produced, one for the aerial stem, the other for the stigmarian base. 

This view which does not seem very acceptable in itself and for which the facts 
mentioned above are not favourable, has been discussed bv Troll {1934, l.c. f.n. 

p. 10). 

q F. E. Weiss, The vascular branches of Stigmarian rootlets, Ann. of Bot. 16, 
1902, p. 559 and same title 18, 1904, p. 180. * 

^) Renault believed that apart from the root-like leaves true roots ahso oc- 
curred on the older stigmarian axes, roots of the same form and properties as the 
leaves. His arguments in favour of this incredible view have been discussed and 
fully refuted by Solms-Laubach (1887, op. c. f.n. p. 52, p. 285, 297), 

q PoTONm, op.c. 1912 (f.n. p. 29), p, 238. 

q Scott, op.c. 1920, ph238; this view has been adopted by Kubart (f.n. p. 54). 
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attention, as most facts mentioned above would be readily explained in 
1^' this way: the arrangement, the presence of stelar gaps, the absence of 

' root-hairs and root-cap, and their early formation at the stigmarian apex. 

It would only imply the assumption of a far-reaching adaptation to the 
root-function, including a striking approach to the root-anatomy. 

There are however some objections. The occurrence of dichotomous 
branching would not be a serious one, as dichotomizing leaves are not 
lacking in the Lycopodiinae, nor even in the closely allied Lepidophyta 
(Protolepidodendron). 

As a real objection w^e have in the first place the endogenous insertion 
as described by Lang for Siigmaria hacitpensi^'^) and other species. 
Leaves are always exogenous, and for the realization of a phyllotaxis this 
is probably even an essential feature, the determination of leaf places 
being a surface phenomenon. 

We may say however that an endogenous insertion does not necessitate 
an endogenous origin. What has been proved is that a few external cell 
layers of the mature axis did not extend over the surface of the mature 
rootlet which in any case must have been formed very near to the axis 
surface. If for instance there was a superficial tissue of the rootlet during 
the ontogeny, which disappeared during the stretching of the rootlet, then 
rootlets would have been exogenous in origin as has always been assumed. 
As long as nothing is known about the rootlet ontogeny, this point must 
remain unsettled, and the arrangement of the rootlets in parastichies in 
itself is an argument for an exogenous origin. 

A second objection might be inferred from the communication of Po- 
tonie: ^), that in rare cases on the Sigillaria stem between the leaf scars 
other scars of rootlets were to be observed; indeed if the rootlets occurred 
irregularly between the leaf scars whose phyllotactical pattern was un- 
changed, this would amount to a direct proof that the rootlets were not 
homologous with the foliage leaves. 

Potonie's observation however, as may be read in Solms ^), was far 
from new, and its explanation has been very different, Germar already 
having declared these marks to be scars of spines. Unless proof is given that 
these scars really are rootlet scars, this objection may be left out of con- 
vsideration. , 

In consideration of the known facts I am therefore inclined, though 
recognizing the need for further research, to assume that the rootlets are 
modified leaves. In any case we may say that this view is much more 
probable than any other one, and the comparison of the stigmarian axis 


•p W. H. Lang, On the apparently endogenous insertion of the roots of Stigmaria, 
Mem. and Proc, Manch. Lit. and Phil. Soc. 67, 1923, p. 101. 

POTONIE 1899, op.c. (p. 53), p. 212. 

3) Solms-Laubach 1887, op.c. (f.n. p. 52),^ p. 252. 

1 


58 


J. C. SCHOUTE, MORPHOLOGY 


with parts bearing true roots, like the rhizophorc or t\ic I soetes stem base, 
thus loses significance. 

Finally there are still two divergent opinions to be mentioned. One of 
them of course is the unavoidable sui generis hypothesis, this time held by 
ZiMiiEEMANN ; it will be passed over in silence. 

The other is a view of Weiss, giving an elegant solution for the difficulty 
of roots arranged in parastichies. Weiss supposes that the stelar gaps in 
the stigmarian axis are caused by wholly aborted leaves, whereas under 
every leaf a single root is developed. This solution, though attractive at 
first view, presents the greatest difficulties on closer examination. It 
implies for instance that for every wholly aborted leaf exactly one single 
root w'as formed, a root with the ordinary root function, but -without root- 
hairs or root-cap, and that moreover the true root-trace would form the 
continuation, without any visible disturbance, of the well-developed trace 
of the aborted leaf : altogether an untenable set of suppositions. 

5. Thelsoetes stock base. The first to relate Isoetes with 
Stigmaria was Brongniart ®). Since then it has become customary to see in 
Isoetes a last remnant of the Lepidophytes, the Mesozoic forms Pleiiromeia 
and N athorstiana representing intermediate links. This series has even been 
claimed by Magdefrau *) to be one of the best phylogenetic series known 
in the vegetable kingdom. 

Other botanists on the contrary deny a close connection between Isoetes 
and the Lepidophytes, for instance West, and Takeda j in all papers by 
these authors the organization of the lower stem part plays a primary role. 

A discussion of the morphological conditions of the Isoetes .stock base 
IS therefore necessary here; as we shall see it will reveal to us the existence 
of a large gap between the Lepidophytes and Isoetes. 

The two- or three-lobed stem of Isoetes (sometimes five-lobed, rarely 
four-lobed) at first is more or less globular. The development of the lobes 
is not due to the action of supplementary vegetative cones at the basal 
side, but only to the local formation of secondary tissues by the cambium. 
This cambium surrounds the stem stele and even closes around its basal 
end, just as is the case in NoUna recurvata ®). The lobes therefore are not 
comparable to stigmarian axes as all botanists formerly believed’’), as 

ZiMMERMANN, op.c. (In. p. 26), p. 149. 

'^) Weiss 1932, l.c. (f.n. p. 54), p. 156. 

) Ad. Brongniart, Prodrome d’une histoire des vegetanx fo.ssiles, Paris 1828 
see p, 82. 

*) K. Magdefrau, fiber N athorstiana, eine Isoetacee aus dem Neokom von 
Quedimburg a. Harz, B.B.C. 49, 2, 1932, p. 706 ; see p. 715. 

^ ■■) C. West and H. Takeda, On Isoetes japonica. A. Br., Tran.s. Linn. Soc. 
Bondon, 2nd ser^ 8, Botany,, 1915, p. :333, 

2 Staminesbildnng der Monokotylen, Flora 92, 1903, p. 33 

) Thus forinstancestiUinPoTONrt 1912. op.c. (f.n. p. 29), p. 234. 
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these grew by a vegetative cone; for the same reason they can neither be 
stems or roots. 

The place where the lobes arise is determined by the phyllotaxis of the 
young plant; in distichous plantlets the furrows alternate with the leaf 
orthostichies, under which the lobes are formed ^). Once the lobes are 
constituted they retain their position, even on change of phyllotaxis. 

Between the lobes the tissue is torn open by a longitudinal slit, forming 
in this way the well-known furrows; evidently these furrows are due to the 
growth of the lobes, by the dilatation of the tissue. The furrows meet at the 
stock base and unite there. 

In the embryo the first root arises laterally and exogenously ‘^) ; like all 
subsequent roots this first root is provided with root-hairs and with a root- 
cap. The position of later roots is always related to the place of the furrows, 
these roots according to all authors being formed in series alongside the 
furrows, and therefore more or less in the position of orthostichies. 

In every orthostichy the development is acropetal, the youngest root 
being placed nearest to the furrow end, i.e. to the stem apex ®}. 

The orthostichies however are soon discontinued, and a new orthostichy 
arises at either side of the furrow, between the last orthostichy and the 
furrow which is always becoming deeper. 

This new orthostichy forms its members without any spatial relation to 
the roots of the previous row; there is no alternation or juxtaposition to 
be observed ; such a spatial relation moreover would hardly be expected, 
in view of the different age of the adjacent roots of different orthostichies. 


p First observed by Al. Braun, Weitere Bemerkungen liber Isoetes, Flora 30, 
1847, p. 33. 

J. Bretland Farmer, On Isoetes lacustris, Ann. of Bot. 5, 1890/ ’91, p. 37. 

This acropetal development has especially been demonstrated by I>. H. 
Scott and T. G. Hill (The structure of Isoetes Hystvix, Ann. of Bot. 14, 1900, p. 
413) who observed that the roots of any series are of different ages, the oldest root, 
traces having their vascular tissues more or less obliterated while the youngest are 
still wholly meristematic (l.c. p. 428). 

West and Takeda however contend (l.c. p. 354) that all roots of a series are of 
the same age. No observations are given in proof of this aberrant statement; the 
fact that the roots in a series appear in a regular succession at the stem surface with 
considerable difference in time is duly recognized, but explained b}' the remark 
that the roots at the furrow end have to travel over a longer distance through the 
cortex. 

This last statement is difficult to reconcile with the drawings of longitudinal 
sections through the stem in the furrow plane, as given by von Mohl (tlber den 
Bau des Stammes von Isoetes lacustris^ Linnaea 14, 1840, p. 181, pi. 3, fig. 4, 9) 
and by W. H. Lang (Studies in the morphology of Isoetes I, The general morphol- 
ogy of the stock of Isoetes lacustris, Mem. & Proc. Manch. Lit. & Phil. Soc. 59^ 
1915, Memoir no. 3. See fig. 2). 

^) Scott and Hill, l.c. fig. 11, 12; Lang, l.c. fig. 2. 
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For the rest the distribution and position of the root scries cannot easily 
be grasped from literature. In particular the later position of the root 
series which is quite different from the original position alongside the 
furrow, has never been explained as far as I know ^). 

All these roots being formed. endogenously, their traces are inserted on 
the base of the stem stele. Owing to their great number on the stem stele 
two, or in the three-lobed stems three, arms of stelar tissue are formed out 

q Though not having instituted any investigations myself I might suggest the 
following incomplete, but perhaps not improbable, explanation of the said diffi- 
culty, in the hope that it may stimulate some future student oi Tsoeies to complete 
it, or to amend or reject it. 

Our fig. 8 represents two transverse sections through an Isoetes stock base, just 

under the stele, A being a two- 



12 and 13) exactly corresponds to 
that in our fig. 8 B; the drawings by Lang of the two-lobed I. lacustve- (l.c. fig. 2) 
contain, it is true, some series in the position of those in our fig. 8 A , but moreover 
some series in or near to the median line of the lobe; for this undoubtedly correct 
observation (from a photographed section series) the above explanation gives no 
clue. 
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■of the confluent root-traces, arms which Fitting has taken to be homolo- 
gous with stigmarian axes ^), The thorough description by Scott and Hill 
however leaves no doubt that the interpretation by these authors is 
correct . 

So the peculiar stem-formation of Isoetes, notwithstanding its unique 
feature of secondary growth in a recent Pteridophyte, does not offer any 
analogy to the Lepidophyte tree base; the fact that its roots are clearly 
true roots therefore is no longer a problem. 

We cannot leave the topic without mentioning a widely accepted opinion 
from literature about the basal stock part. Braun believed that the lower 
part of the Isoetes stock was nothing but a telescoped main root ; he based 
that view on the basipetal development of the new roots. Though this 
argument was wholly cancelled by the accurate observations on the root 
developmental order by Scott and Hill, similar views remained. So we 
read that Lang after intensive anatomical examination concluded that 
'The recognition of the lower region of the stock of Isoetes as a rhizophore in 
some way correlated with the upwardly growing shoot appears to be 
justified” ®). x\nd Liebig even declares ^), that all her median longitudinal 
sections through the stock are proofs of Braun's thesis ! 

When we consider the arguments of these assertions we find that they 
are chiefly based on the fact that the stele in every monarch root is turned 
towards the furrow, a relation which surely is no basis for such far- 
reaching conclusions and which may be quite well correlated with the 
orientation of all roots towards the furrows. 

So our conclusion is that the stock base of Isoetes is only peculiar in its 
constantly tearing furrows, a feature connected with the formation of 
local humps of secondary tissue, the lobes. Roots are formed, as always in 
all plants, in any suitable place ; the presence of the furrows and the lack of 

q H. Fitting, Sporen im Buntsandstein — die Makrosporen von Pleitvomcia? 
Ber. d. D. hot. Ges., 25, 1907, p. 434, seep. 441. 

2) West and Takeda in this respect hold another view; they describe an apical 
meristem by which the stelar arms grow (l.c. p. 346). This meristem is compared to 
that of the stem, and on this basis the authors try to keep to the fore the con- 
ception of the downward growing '‘rhizophore” as an organ sui generis. 

They admit however that this apical meristem differs from any other in being 
distributed over a large area, since it extends along the whole length of the curved 
lower edge of each of the stelar arms. They further admit that this primary meri- 
stem is not situated at the actual periphery of the stock, but that it is separated 
from the exterior by several regularly arranged layers of parenchyma cells, and 
finally they admit that it may also be regarded as a part of the cambium. 

The natural conclusion therefore may be that this “primary meristem” is 
nothing but a specialized part of the cambium in which the adventitious roots are 
formed in great number. 

3) Lang 1915, l.c. p. 21. 

q Joha. Liebig, l.c. (f.n. p. 35), 329. 
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new liiglier stem parts cause these suitable places to be found in an unusual 
arrangement. 

6. T h e P 1 e u r o m e i a s t e m , b a s e. No comparison being 
allowed between the stigmarian axes and the stock base, the question 
remains about the intermediate links. 

In Pleuromeia the stem at its base usually developed four conical up- 
turned lobes; sometimes only two have been present. In the normal case 
of four they were not placed in a regular cross, a single connecting part 
being present at the under surface between two opposed pairs ^) . 

In rare cases some of the four lobes showed a beginning of further 
dichotomy^). Therefore there is no doubt that the lobes were due to a process 
of dichotomous branching; in this respect they entirely fall in line with the 
stigmarian axes and are in striking contrast with Isoetes. 

The lobes were covered on all sides by scars left by appendages. About 
the distribution of these appendages we have but little information. 
Judging from the published figures it is not impossible that they were 
arranged in irregular parastichies. In any case we may say that their 
occurrence at all sides of the lobes agreed with the stigmarian rootlet 
distribution, and was in contrast to the arrangement of the Isoetes roots. 

The lobes further were cone-shaped; when a vegetative cone has been 
present its place is absolutely clear. As, however, the scars cover the lobes 
up to the apex, it may have been that the lobes were of a determined 
growth and that their vegetative cones soon became exhausted. 

.Concerning the appendages which are sometimes found in situ our 
information is rather meagre. They had a small excentric stele like the 
stigmarian rootlets and the Isoetes roots; about root-cap and root-hairs 
nothing is known. There is however one important fact, described b}’' 
SoLMS ®), namely that the appendage traces caused gaps in the lobar stele ; 
this correspondence to the stigmarian rootlets is an important argument 
for the homology of the lobes with the stigmarian axes and of tlie ap- 
pendages with the stigmarian rootlets. 

Apart from the adult stems of about 2 metres numerous small specimens 
have been observed. The most curious fact about them is that they were 
similar in all respects to the big ones, only much smaller. They had a stem 
of for instance 12 — 16 mm diameter instead of 6 — 9 cm, but their lobes 
were perfectly analogous, the only difference being that the lobe apices 
were not yet acute but more globular. 

q K. Magdefrau, Zur Morphologic tind phylogenetischen Bedeutinig der fos- 
silen Pflanzengattung Pleuromeia, 48, 2, 1931, p. 119; already earlier 

observed by Bischoff 185,5. 

q H. PoTONiE, Abbildungen uud Beschreibnngen fossiler Pflanzenreste, Lief. 2, 
Berlin 1904. 

q Solms-Laubach, l.c. 1899 {f.n. p. 32), see p. 235. 

q Th. Spieker, Pleuromeia, eine nette fossiie Pflanzengattung und Hire Arteii, 
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These small specimens probably were nearly or quite as full-grown as 
the big ones; Solms in discussing them points out that it is extremely 
improbable that the small specimens could grow up by an evenly distribut- 
ed growth, but that the only plausible conception, here as in the case of the 
Lepidophytes, was the development of the aerial stems from a rhizome. 

Our conclusion can only be that the Pleuromeia stem base is really 
homologous to a Lepidophytic stem base, but on a reduced scale; and 
further that its appendages, in the same way as in the stigmarian rootlets, 
were modified leaves. 

7. The Nathorstiana stem base. The stem of this 
recently described fossil had a basal part provided with some 12 to 20 
longitudinal ridges, separated by shallow furrows. On the ridges appendages 
were borne, in the upper part of the ridge in a single, in the lower part in 
from two, up to four, rows. 

The appendages which have been observed in situ left scars with a small 
excentric protuberance; evidently they had a small excentric stele like the 
appendages and roots in the former cases. 

Magdefrau makes mention of indications of a partition of the stem 
base in old specimens into two or four lobes. His photographs however are 
very disappointing in that respect, showing only a somewhat irregular 
shape. , ■ .. . . . 

As far as the incomplete data allow I should be inclined to see in Nat- 
horstiam a plant which has nothing whatever to do with the Lepidophytes, 
but which in its stem base is developed more or less along the same lines as 
Isoetes, 

§ 12. Appendages of the outer surface (Hairiness). It is a re- 
markable fact that the stem and leaves of most microphyllous Pteri- 
dophytes are absolutely glabrous. Only the root and sometimes the 
rhizome with their root-hairs show other conditions. 

Exceptions to this rule are rate; in the Psilophytinae they seem to be 
entirely lacking. 

Amongst the Articulatae the only case I found mentioned was that 
of a “t omentum” developed in some Equiseium sipp, consisting of simple 
and filiform hygrometric processes of the epidermis cells, up to 5 mm long. 
According to Duval-Jouve this tomentum is present on the rhizomes of 
E. maximum, sylvaticum and arvense; in E, Uttorale, liniosum, palustre and 
pratense it only occurs on the rhizome leaf sheaths . 

gebikiet aus der Sigillaria Sternbergi Miinst. des bunten Sandsteins zu Bernbiirg. 
Zeitsclir. f. d. ges. Naturwiss., Halle, 3, 1854, p. 177 seep. 185. 

h Solms-Laubach 1899, l.c. p. 239. 

K. Magdefrau 1932, l.c. (f.n. p. 58). 

3) J. Duval-Jouve, Histoire naturelle des Equisetum de France, Paris 1864, 
see on p. 18. ' 


64 


J. C. SGHOUTE, MORPHOLOGY 

In Lyco[)odium t\^e le^i^m may sometimes bear small teeth or 
cilia and in Selaginella the epidermis cells of the stem may form cy- 
lindrical outbulging processes giving rise to hairs ; only in some cases do 
wc find independently formed hairs, borne on a podium of small cells. 

In the Filicinae on the other hand hairs are abundant everywhere, 
mostly in the special form of paleae, being flat multicellulair hairs, though 
stellate and peltate forms occur too. These paleae have been rightly com- 
pared by several authors to microphylis, lately by Bowp:r ^). 

Indeed the likeness is often very striking. Velenovsk'^', giving a survey 
of these dermal appendages ^), mentions the existence of a midrib con- 
sisting of special thick-walled cells in the paleae of the genus Flaiycmum 
and in Asplenimi Tnchomanes] moreover he mentions the fact that 
Poly podium lycopodioides owes its name to the scaliness of the rhizome, 
giving it a likeness to a shoot. 

Besides the paleae there may be a second form of hairs, smaller and cy- 
lindrical, without any transitional forms between the two hair categories ; 
perhaps these hairs are other enations, independent of the line that once 
gave rise to the microphylis. 

Groningen, May 1936. 

Botanical Laboratory of 
the Government University. 


Engler & Prantl, op.c. p. 583. 

“) Ibidem p. 638 and moreover R. J. Harvey-Gibson, Contributions towards 
a knowledge of the anatomy of the genus Selaginella Spr., Ill, The leaf, Ann. of 
Bot., 11 , 1897, p. 123, see pi. 9 fig. 1, 4, 14, 15. 

«) Bower 1935, op.c. p. 558. 

VELENovsKyop.c.p. 194, ibidem Part 4, 1913, p. 30. 

VELENOVSKy 1905, op.c. p. 195. 




Chapter II 
ANATOMY 
by 

J. C. ScHOUTE (Groningen) 

§ 1. Introduction. — A. Historical. Anatomy, the study of internal 
construction, as compared to external morphology has the great dis- 
advantage that its object usually is only open for observation after special 
preparation; often the studied spatial forms have to be synthesized by 
combination of the observations made on different sections. 

When we further take into consideration that in vascular plants the 
internal structures as a rule are much more complex than the outer forms, 
it is no wonder that the knowledge of the Pteridophyte anatomy long 
remained behind the knowledge of the external forms of these plants. 

Indeed we may say that the study of Pteridophyte anatom}^ only dates 
from the first half of the nineteenth century. The general works on plant 
anatomy from the beginning of that century only contain incidental and 
insignificant facts about Pteridophytes. Soon afterwards, however, we find 
a good anatomical description of the stem of Eqidsetum fluviatUe by 
Brongniart 2) and some years afterwards von Mohl wrote his splendid 
paper on the stem structure of tree ferns which was to be followed by his 
equally excellent paper on Isoetes ^). 

The impression these papers make upon a reader of our times is that they 

q J. J. P. Moldenhawer, Beytrage zux Anatomic der Pflanzen, Kiel 1312; K, 
Sprengel, Von dem Ban tind die Natur der Gewachse, Halle 1812; C. F. Bris- 
seau-Mirbel, liiements de physiologic vegetale et de botanique, Paris 1815. 

“) Ad. Brongniart, Histoire des vegetaux fossiles, I, Paris 1828, see p. 100. 

H. VON Mohl, De structura caudicis filicum arborearum, 1833, in : C. F. Ph. de 
Martius, leones plantarum cryptogamicarum quas in itinere annis 1817-20 per 
Brasiliam instituto collegit et descripsit, Monachii 1828-1834; shortened and 
translated into German in; H. von Mohl, Vermischte Schriften botanischen In- 
halts, Tubingen 1845, see p. 108. . 

H. VAN Mohl, fiber den Ban des Stammes von Isoetes lacustris, Liniiaea 
1840, p. 181; Vermischte Schriften p. 122. 

Manual of Pteridoiogy ^ -S 


66 


J. C. SCHOUTE, ANATOMY 

are quite modern in ground-plan and execution. This is due to the fact 
that tlicse authors tried, without bias, to record the prevailing rules and 
laws, governing the construction of the tissues. Before 1 825 most anatomists 
(or phytotomists as they were often called) were either led by mere 
curiosity and by the desire to make a trial of their lenses, or they at once 
tried to understand the internal structure as a base for the fundamental 
physiological phenomena in the plant. 

As the former aims did not yield sufficient impulses for the continued 
efforts required to master the multifarious facts, and as the latter aim 
even at present for the greater part is still out of our reach, the results on 
the whole were disappointing. The study of the existing regularities how- 
ever, being a safe and efficient guide in the labyrinth of phenomena, 
yielded much better results, and this is still the experience of our times. 

Once the facts are established by a thorough description, we may try to 
make use of our knowledge for physiological, systematical or other 
purposes, and the better our description and the greater the detail the 
better the results will be. As Moll expounds in his “Phytography’' ^), 
experience has shown that by making descriptions, as detailed as possible, 
without any prejudice, results may often be obtained as unsought for 
by-products, which w^ould have been out of the reach of the author when 
trying purposely to solve the same problems without making such a 

description. 

x\fter VON Mohl a number of authors followed, of which von Nageli, 
Mettenius, Duval-Jouve and Russow may be instanced. Up to the year 
1874 their work has been summarized and quoted in the masterly work by 
DE Bary^), an unrivalled monument in the anatomical field. From 1874 
up to the present day the stream of anatomical work on Pteridophytes, 
both recent and fossil, has gradually risen in accordance with the in- 
creasing interest paid to Pteridophytes in general. 

B. Scope of the chapterv in view of the extension of the field and the 
limited space available for the present chapter a severe restriction of 
the subject- matter is peremptorily required. 

This will be attained in the first place by omitting all histological facts 
and dealing only with the gross anatomy, the topography. For information 
on histology the reader may be referred primarily to Bary who gives an 
astonishing number of facts, and for more recent work to Engler and 
Prantl 3) and to Zimmermann ; for fossils to Hirmer and to Hof- 


q J. W. Moll, Phytography as a fine art, Leiden 1934, see p. 465. 

‘•) A. DE Bary, Vergl. Anatomie der Vegetationsorgane der Phanerogamen und 
Fame, Leipzig 1877. 

Engler and Prantl, Die naturlichen Pflanzenfamilicn, T, 4, Leipzig 1902. 
q W. Zimmermann, Die Phylogenie der Pflanzen, Jena 1930. 
q M. Hirmer, HandbucL der Palaobotanik, Miincben und Berlin 1927. 
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MANN ^). With the aid of these works and their literature lists the scattered 
original sources may be found. 

In the second place, even the topography will not be dealt with ex- 
haustively, but only in so far as it has a more general importance either for 
phylogeny, or for the ontogenetical elaboration of the plant structure. It 
goes without saying that the choice of subjects has been rather arbitrary 
and has been determined by the private views, knowledge and experience 
of the present author. For more detailed information the same works 
quoted above may be recommended, with the exception of Hofmann who 
only deals with histology, and with the important addition of Bower '^) . 

Developmental anatomy, in the sense of a study of cell division order, 
which was such a prominent feature in the researches of the nineteenth 
century will be left entirely out of consideration, as it has been recognized 
long since that it is in no way decisive for further differentiation; for 
striking new instances see Bower ^). 

On the contrary due attention will be paid to the presumable order 
in which the plant structures are first induced. The process of induction 
not being open for direct observation itself, this has to be gathered from the 
results in the later stages in which the induced structures have become 
visible; in view of the easy observation of large complexes the adult 
condition often gives the best information. 

§ 2. Anatomy of the stem. — A. Primary organization. 

I. Epidermis. In such cases where the stem surface has not been 
wholly taken up by leaf insertions, but where a free stem surface is to be 
observed, the outer cell layer is called the epidermis. 

Unlike the condition in Angiosperms, the boundary between epidermis 
and cortex is usually an irregular surface; this is due to the fact that the 
epidermis does not arise from an early defined dermatogen, but often 
is separated by late partition walls from the inner cells. Accordingly He- 
gelmaier speaks of a most external, '"die Stelle einer Epidermis ver- 
tretenden” cell layer ^). The distinction between a one-layered and a many- 
layered epidermis, often to be made in Angiosperms, as a rule therefore is 
impossible in Pteridophytes. 

When the plant forms different kinds of stem, the epidermis in these 
stems may be differentiated along divergent lines too, for instance in 
Psilotum Bernhardt in the rhizome and the aerial stem ^). Two different 

Elise EIofmann, Palaohistologie der Pflanze, Wien 1934. 

“) F, O. Bower, Primitive land plants also known as the Archegoniatae, Lon- 
don 1935. 

») Bower, op. c. p. 328. 

F. Hegelmaier, Zur Morphologic der Gattung Lycopodium, Bot. Ztg 30, 1872, 
col. 773, see col. 797. 

5) W. L. Beekman, liber die Torsion des Stengels von Psilotum Bernhavdi, Rec. 
trav. botan. neerl. 21, 1924, p. 1. 
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forms of epidermis may occur moreover in one and the same stem next to 
each other, when the underlying tissues differ locally, as in Equisetum. 

Special kinds of organs may be present in the epidermis: stomata and 
hairs. Stomata are always present in such stems as are the chief photo- 
synthetic part of the plant : Rhynia, Psilokm, Equisetum ; when the leaves 
are well developed, stomata may be [Aster oxylon) or they may be 

lacking probably in most 

IL Cortex andgroun d-t issue. The tissue between the 
epidermis and a monostele is called cortex; in the case of polystely the 
internal limit of the cortex being vague, the term ground tissue which 
includes the non-vascular part of the stele may be used instead. 

The cortex may be Yiomogtneom [Ophioglossum '^), Lycopodium Sela- 
go ^)) or it may be homogeneous for the greater part, with locally differ- 
entiated other tissue parts [Marattia, parenchyma with mucilage ducts), 
but usually the cortex is divided into an inner and outer, or even into three 
concentric zones, the tissues of which are different in organization. Some 
instances are: Psftom, aerial stem: outer cortex chlorenchyma, middle 
cortex sclerenchyma, inner cortex collenchyma; Asteroxylon, aerial leaf 
stem : outer cortex of tangentially extended cells, inner cortex divided into 
three layers: two zones of compact tissue and a zone of trabecular tissue 
with large intercellular spaces in between. 

In other cases the differentiation is not in concentric layers, but in 
tangentially alternating tissue complexes [Equisetum, chlorenchyma and 
so-called vallecular cavities). 

The cortex moreover in all Pteridophytes, the Rhyniaceae only 

excepted, is traversed by the leaf-traces, sloping downward from the leaf 
insertion towards the stele, usually rather steeply. In the Lepidophytes 
these leaf-traces are accompanied at their abaxial side by a gutter-like half 
sheath of a loose tissue, called the parichnos. 

The innermost layer of the cortex ^) usually is of a particular organization 
and is called the endodermis ; m Rhynia mi endodermis is believed to have 
been absent. Otherwise it often occurs in the form of a protective sheath 
with Casparian strips. 

In such cases where the vascular strands in the stele are separated by 
large parenchyma complexes, the endodermis instead of surrounding the 
whole stele may surround the individual strands separately 
Heleocharis), In this case, which rather inappropriately has been termed 
polystely, the cortex communicates with the pith without a definite 

H. G. Holle, fiber Ban nnd Entwickelung der Vegetationsorgane der 
Ophioglosseen, Bot. Ztg 33, 1875, col, 241, see col. 246. 

2) Hegelmaier l.c. (f.n. p. 67), col. 796. 

For the reason why this layer may be taken as the innermost cortex layer see 
J. C. ScHOUTE, Die Stelar-Theorie, Groningen 1902, Groningen nnd Jena 1903, on 

p. 162. 
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boundary. The normal case in contrast with polystely is called monostely. 

In Equisetum hiemale and E. ramosissimam a most curious complication 
has been observed by Pfitzer in the rhizomes, consisting of the develop- 
ment of narrow closed accessory endodermis sheaths, surrounding only a 
limited amount of common parenchyma, and running in a longitudinal 
direction between the normal bundles; usually one singly, rarely two or 
three of them betw^een two bundles. 

These ''Zwischenkernscheiden” as Pfitzer calls them, may be either 
free at both ends or they may unite at the upper or lower end to the normal 
endodermis ^). 

III. S t e 1 e. The stele is the most complex and the most \’ariabh" 
constructed part of the stem. 

Its outermost cell layers — or in the case of polystely the outer layers of 
its meristeles — almost invariably are parenchymatous and are called 
the pericambium or pericycle. 

Further it contains one or more vascular strands, composed of phloem 
and xylem strands, and often smaller or larger parenchyma strands. In the 
phloem and xylem strands a difference of organization may be present 
between the first differentiated parts, the protophloem and protoxylem, 
and the later differentiated metaphloem and metaxylem. The parenchyma 
may form strands between the peripheral vascular strands, called meduh 
lary commissures, and also a smaller or larger central massive strand, the 
pith or medulla. 

In the case of medullated monostely the external pith layer may be 
differentiated as an internal endodermis [Equisetum hiemale). 

The different arrangements of the several tissues in the stele have given 
rise to an intricate (and for the greater part superfluous) stelar nomencla- 
ture Of these terms only a few will be used here, namely: 

protest ele = a monostele with a peripheral phloem and a central 
massive xylem; 

siphonostele = a medullated protostele wtih internal endodermis ; 

amphiphloic siphonostele = a siphonostele with a second phloem ring 
inside the xylem ; 

solenostele == a siphonostele, perforated by scattered leaf gaps ; 

dictyostele = a solenostele with more leaf- or other gaps, so as to show 
more tlmn one interruption on any transverse section; 

meristele = the vascular parts of a dictyostele between two neighbouring 
gaps, appearing in transverse section as separate strands. 

Before entering into a consideration of the diverse forms of stelar 

E. Pfitzer, Ueber die Schutzscheide der deutschen Equisetaceen, Jabr. f. 
\viss. Bot. 6, 1867, p. 297, see p. 318. 

-) See ScHOUTE, op.c. p. 1 44 and moreover F. J. Meyer, Die Stelartbeorie und 
die neuere Xonienklatiir zur Beschreibung der Wasserleitungsbahnen der Pflanzen, 
B.B.C.33, 1, 1916, p. 129. 
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structure in the different Pteridophyte groups, we may remark that as 
far as is known all Pteridophytes in the sporeling start with a protostelic 
stem. This fact has always been recognized as a proof of a phylogenetic 
derivation of all Pteridophytes from protostelic ancestors. 

Notwithstanding this common origin, the resulting stelar structures 
in the adult plants are very divergent in the different groups. We shall 
therefore begin by considering a number of representative forms. To shorten 
the exposition only the distribution of the xylem will be dealt with, being 
the best known and giving a sufficient idea of the whole stelar structure. A 
comparison of the forms will follow afterwards. 

a. R h y n i a c e a e. The stele in the Rhyniaceae is invariably a 
protostele, in all stages of the life cycle. This fact, only recognized later, of 
course has greatly corroborated the view, just mentioned, on the phylo- 
genetic importance of the protostele. The organization of the protostele of 
the Rhyniaceae is very simple, as it is quite cylindrical and as the xylem 
only consists of tracheids without any parenchyma. 

A difference between large tracheids at the outside and a central core of 
smaller tracheids is to be noticed in Rhynia major and in Hornea, not in 
Rhynia Gwynne-V mighani: notwithstanding the similar organization of 
the larger and the smaller tracheids they are to be considered as proto- and 
metaxylem, especially as in Hornea the inner tracheids sometimes are 
found broken down inside the ring of intact larger tracheids. 

In contrast in the early Devonian Gosslingia the protoxylem surrounds 
the metaxylem with a continuous cylindrical zone^); the conditions of 
endarchy [Rhynia major) and exarchy [Gosslingia) therefore have both 
been present in vascular plants as far as our record goes. 

b. A s t e r o x y 1 0 n. In the rhizome and in the leafless lateral branches, 
bearing the sporangia, the stelar structure is much like that oi Rhynia, a. 
central homogeneous xylem being present. In the leafy shoot however the 
xylem becomes stellate; as the spaces between the longitudinal xylem 
flanges are filled up with phloem tissue, the stele itself remains cylindricaL 
At the peripheral edges these flanges are somewhat thickened and in the 
centre of these thickenings an immersed protoxylem is present, the 
tracheids of which are of the same construction as those of the metaxylem, 
but smaller in size. In the young condition the protoxylem on which the 
mesarcli leaftraces are inserted has clearly been demonstrated to be 
differentiated before the rest of the xylem. 

c. P s i 1 0 1 a c e a e. In the young plant the stem is protostelic in Psi- 
lotum as well as in Tmesipteris; in the leafless rhizome of Psilotum it seems 
to lack a protoxylem. In the adult condition the stelar organization is 

q A. Heard, On old red sandstone plants showing structure, from Brecon 
(South Wales), The Quarterly Journal; of the Geological Society of London, 83, 
1928 (volume for 1927), p; , 195; see p. 199, and PL 13, fig. 7, PI. 14, fig. 3, 7. 
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rather different in the two genera; in Psilotum the xylem is exarch, with a 
number of protoxylem strands, projecting from a tubular metaxylem mass 
with a central medulla. In Tmesipteris there is a ring zone of separate 
mesarch xylem strands, and sometimes one or a few similar strands in the 
medulla. 

Leaf-traces connect the sporophylls of Psilotum with the stelar proto- 
xylem strands ; the sterile leaves may have feeble traces or they may lach 
them. Yet the stelar protoxylem strands are related to the leaf arrangement. 
Some distance under the leaf insertion (3-8 mm) the stelar xylem has a 
prominent point, tapering slowly downwards i), and the stelar protoxylem 
strands more or less agree in number with that of the irregular leaf ortho- 
stichies ^). 

d. Lycopodium. The sporeling begins either with a protocorm 
without any stele, or it begins directly with a shoot; in the latter case a 
protostele with 2 — 4 peripheral protoxylem strands is formed “). In the 
adult stem the peripheral protoxylem strands usually are more numerous; 
the metaxylem may either form an irregularly fluted cylinder, the 
anastomosing ridges being situated inside the protoxylem strands, or it 
may form a small number of flat bands, extending vertically, parallel to 
one another and lined at their edges by protoxylem strands; finally the 
metaxylem may occupy the whole of the space inside the protoxylem 
strands but for a number of irregular meshes ^). 

In literature we find several indications of the relation between the stem 
protoxylem strands and phyllotaxis ^). By the observations of these 
authors it has been established that the leaf-traces do not run straight 
downwards in the stele, but that every trace, before inserting on a stem 
strand, may shift laterally in order to meet that strand; accordingly their 
insertion on the strand may be either in the median plane or laterally. 

The stem protoxylem strands on the whole follow a longitudinal course, 
with some tangential undulations; they may freely unite and split during 
f their course. The number of these strands only corresponds in a very 

rough way with the phyllot axis. In Lycopodium Selago stems with pentamer- 


C. Nageli, Das Wachstlium des Stammes und der Wurzel bei den Gefass- 
pflanzen und die Anordnung der Gefassstrange im Stengel, in: Nageli, Beitr. z. 
wiss. Botanik, 1, 1858, p. 1, seep. 52. 

2) F. J. Meyer, Die diaplektischen Leitbiindel der Lycopodien im Liclite der 

vergleicbenden Anatomic und der Palaobotanik nebst einem Ausblick auf die 
iibrigen Pteridopbyten, Botan. Jahrb,, 60, 1926, p. 317, see p. 324. 

3) F.J. Meyer 1926, l.c.p. 319. 

C. Nageli, Gber das Wachsthum des Gefassstammes, in: Schleiden und 
Nageli, Zeitschr. f. wiss. Botan., 3 und 4, 1846, p. 129, see p. 133; C. Cramer, 
Ueber Lycopodium Selago, in: Nageli und Cramer, Fflanzenphysiologisclie Un- 
tersuchungen 3, 1855, p. 10, see p. 14, C, Nageli l.c. 1858, p. 53; Hegelmaier l,c. 
(f.n. p. 67), col. 792. 
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Oils whorls often have five protoxylem strands, the variation going 

Ironi 4 6 or even up to 8; stems with tetrameroiis whorls usually have 4, 

sometimes 5 or 6. So here for every two leaf orthostichies about one 
protoxylem strand is present. 

In Lycopoduim alpimim on the other hand slender decussate stems 
usually have four strands, sometimes 3, and in Lycopodium clavahm stems 
with 4 + 5, 5 + 6, 6 -f 7 systems have 1 0—1 7 strands, i.e. more than the 

number of leaf orthostichiesh) . 

e. S e 1 a g i n e 1 l a. In the leafy stem many Selaginella have a 
flattened stele, the edges being turned towards the sides of the dorsiventral 
stem. The stele is usually a protostele with twm lateral protoxylem strands 
to which the leaf-traces run, one strand receiving the left row of under and 
upper traces, the other strand the right rows. 

In other species the conditions may be different ^). In the first place the 
xylem may become cylindrical and in many species at the same time 
polyarch, with a number of protoxylems all around; moreover the central 
metaxylem may be reduced so as to form a pith (S. spinosa, erect stem). 

In the second place the xylem may become endarch instead of exarch 
(5. trailing stem). 

In the third place the stem may become polystelic, with 2 or 3, sometimes 
up to 12 meristeles (S. laevigata var. Lyallii, erect stem) ; at the branching 
places of the stem all meristeles are connected. 

Lastly the stele may become siphonostelic by the development of an 
inner pericambium and endodermis around the pith, and if so, it may 
develop an inner ridge at the dorsal side which may be separated from 
the tube to form a new small '‘stele’’ inside the pith of the normal one 
(5. laevigata var. Lyallii, rhizome). 

The rhizophores always have one single protostele, but otherwise their 
stelar structure may show remarkable differences in the different species ■^) . 

In Selaginella Martensii and some other spp. the xylem is exarch and 
monarch, the protoxylem strand being turned towards the abaxial side of 
the rhizophore at its origin, but turned tow^ards the dichotomy centre in 


See foot-note 4 p. 71. 

2) A. DE Bary op.c. (f.n. p. 66) p. 293; R. J. PIarvey-Gibson, Contributions 
towards a knowledge of the anatomy of the genus Selaginella, Spr. [Tlie stem', 
Ann. of Bot. 8, 1894, p. 133. 

3) See: C. Nageli und H. Leitgeb, Entstehung nnd Wachsthuin der Wurzeln, 
in: C. Nageli, Beitrage znr wiss. Botan, 4, 1868, p. 73, esp. p. 124; Ph. Van 
Tieghem, Recherches sur la symetrie de structure des plantes vasculaires, Ann. d. 
Sc. nat. 5th ser, 13, 1870/1, p. 1, esp. p. 88; R. J. Harvey-Gibson, Contribution.s 
towards a knowledge of the anatomy of the genus Selaginella, IV, The root, Ann. 
of Bot. 16, 1902, p. 449; J. C. Th. Ubhof, Contributions towards a knowledge of the 
anatomy of the genus Selaginella. The root. Ann. of Bot. 34, 1920, p. 493. 
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its shanks ^). Tills structure may be taken as a simplified stem stele, but 
also as that of a simplified root stele; it is identical with that of the roots of 
Selaginella dJi6. oi Isoetes. 

In S. atrovindis the metaxylem being crescentic, a number of proto- 
xylem strands is to be found on the concave adaxial side ^)] and in S. 
Kfaussiana^), S. PouUeri and 5. delicatissima^) the stele is endarch like 
that of Hornea. These cases are therefore like simple stem steles; for root 
steles the structures would be quite out of the normal scheme, the more 
remarkable as this root scheme is otherwise the same in all vascular plants. 

These stelar structures, varying in about the same wa}^ as in the leafy 
stem, all fit in with the view that the rhizophore is a modified stem; but 
offer serious objections to the view that the rhizophore is a modified root h. 

/. L e p i d o p h y t e s. The stelar xylem in all aerial stems is exarch 
with a large number of projecting or flat protoxylem strands or with a 
continuous protoxylem zone all around. The metaxylem msLy be solid, so 
that the stele is a protostele, or it may contain a large parenchymatous 
pith; in other cases there may be a “mixed pith’h consisting of inter- 
mingled parenchyma and tracheids. 

Little is known about the numerical relation between leaf orthostichies 
and protox^dem strands: Hirmer reports that in Sigillari a elegans their 
numbers seem to be equal ®). The leaf -traces insert either at the top of the 
ridges or laterally, at their flanks. 

In the subterranean stem organs, the stigmarian axes, the X3dem 
sometimes is exarch too ®), but in most cases the xylem is endarch, with a 
great number of anastomosing protoxylem strands. The rootlet-traces, 
which the present author considers to be leaf-traces, in order to reach the 
protoxylem strands, in an endarch xylem have to pierce the secondary 
and the metaxylem. As they are accompanied on their course by paren- 
chyma strands, medullary commissures are present, in a phyllotactical 
arrangement, like leaf "gaps. 

g. I s 0 e t e s. In the stunted stem of this remarkable group the 
anatomical differentiations are more or less reduced. According to Lang ") 

q Nageli unci Leitgeb, l.c. p. 127. 

q Harvey-Gibson, l.c. 1902 (f.n. p. 72) p. 457. 

q Harvey-Gibson, l.c. 1902, p. 460. 

q jXageli und Leitgeb, l.c. p. 126; Van Tieghem l.c. (f.n, p. 72) p. 97 devotes 
two pages to explain tlie anomalous case of S. Kraussiana and terminates by sa^diig ; 
“L’anomalie signalee par MM. Naegeli et Leitgeb disparait ainsien s’explicpiant.” 
As far as I see the facts are not so easily to be reasoned away. 

q Hirmer op. c. (f.n. p. 66), p. 271. 

<5) F. E. Weiss, A with centripetal wood, Ann. of Bot. 22, 1908, p. 221. 

q W, H. Lang, Studies in the morphology of Isoetes. II. The analysis of the 
stele of the shoot of Isoetes lacustris in the light of mature structure and apical 
development. Mem. & Proc. Manchester Lit. & Phil. Soc. 59, 1914/15, no. 8. 
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the zones inside the anomalous secondary tissue are to be liomologized 
to an outer primary phloem inside which a parenchymatous xylem sheath 
and a strongly pareiichymarized central xylem follow. For our comparison 
the case is of little value. 

h. E q u i s e t u m. The sporeling axis at first is protostelic, at least 
partly ; very soon however the peculiar adult structure sets in, consisting of 
a number of leaf-traces, arranged on a cylinder surface and connected at 
the nodes to the lower leaf-traces by commissures. 

The stelar leaf-traces consist of an internal protoxyiem strand, oc- 
curring in the internodes in the form of a canal with loose rings, the carinal 
canal, and further somewhat more towards the stem periphery two lateral 
metaxylem strands ; at the nodes a somewhat larger amount of metaxylem 
surrounds the protoxyiem. 

These conditions are to be found in the monostelic as well as in the 
siphonostelic or the polystelic forms; the distribution of the sheaths does 
not influence the vascular construction. 

In the strobilus axis the protoxyiem strands are rather irregularly 
connected, forming sympodial strands in various ways. The amount of 
metaxylem being much greater here, only irregularly distributed gaps in 
the xylem cylinder remain. 

i. Gala m i t e s. The stelar structure of Calamites is hardly different 
from that of Eqtdsetum; the main difference is that the leaf-traces in some 
forms descend over two internodes instead of over one, so that the number 
of vascular bundles in any node is about twice that of the entering- 
traces. 

j. S p h e n o p h y 1 1 u m. The stem of Sfhenophyllum has a protest ele 
with three large protoxyiem strands at the periphery and a triangular 
metaxylem in between. In some cases the three protoxyiem strands are 
double, so that there is an approach to hexarchy. 

The leaves of Sphenophyllum always being placed in superposed trimer- 
ous whorls or in whorls with a multiple of three as number, the leaf-t races 
enter before the protoxyiem strands and insert on them. 

^.Comparison of stebar structure in micro- 
phyllousPteridophytes. 

1. Reduction of central part of xylem. A comparison 
of the primitive Rhyniaceae with most higher developed microphyllous 
Pteridophytes {PsUotaceae, Lycopodium, Lepidophytes, Isoetes, Equiseium, 
Calamites) as well as a comparison of the sporeling structure with the 
adult condition in these plants reveals us the fact that the central part of 
the xylem is often more or less reduced. 

This may begin with a development of living parenchyma cells between 
the tiacheids, so that a mixed pith is formed. No doubt this phenomenon 
is connected with what BowkR 'has termed the size factor, bringing for 
i ncreasing xylem structure's the necessity to increase their limiting surfaces 
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in proportion to the cube of the linear dimension, not to the square ^). 

Finally a wholly parenchymatous pith may be formed, a fact which 
may be connected too with the same size factor, at least in part of the 
cases, and moreover with the mechanical needs of the stem, a hollow cylin- 
der being more stable than a solid core of the same weight, by its greater 
■diameter.' : 

2. A r r a n g e m e n t of proto- and m e t a x y 1 e m. The 
position of the protoxylem strands in the stem stele is remarkably varying. 
In a number of cases these strands are situated at the xylem periphery 
{GossUngia, FsiloUm, Lycopodium, Sphenophylhm), often even as out- 
wardly projecting ridges. 

In other cases the protoxylem is immerged in the metaxylem {Astero- 
xylon, Tmesipteris) and in a very few cases it occupies a central position 
{Rhynia major, Moreover some plants have exarch and endarch 

■conditions realized in different parts or in different kinds^ of stems 
{S elaginella spinosa, L^y>id.oy)hyies) , 

It has often been held that the metaxylem inside the protoxylem, the 
so-called centripetal wood, should belong to another morphologic and 
phylogenetic category than the centrifugal wood outside the protoxylem ^). 

In view of the above facts the distinction seems to lose much of its 
importance, and perhaps the inore simple suggestion may be advanced 
that when for some unknown reason the protoxylem changes its position, 
the metaxylem having to put up with’the space left, is obliged to develop 
in another direction. 

3. I n f 1 u e n c e o f lea f-t r a c e s. The present author has already, 
on several occasions, pleaded the view that leaf-traces are not given off 
irom the stele, but that on the contrary the stimulus inducing the traces is 
decurrent from the leaf into the stem. This even holds good for the case 
often occurring in Psilotum where a leaf-trace is not developed in the cortex, 
but the protoxylem ridge of the stele begins some mm under the leaf in- 
sertion. ■ 

In support of this view which has been proved by voN Nageli in 1 858 
many further facts may be alleged and it has never been refuted in 
literature. Now we may ask whether entering leaf-traces give rise to 
changes in the stem stele. As a rule the protoxylem strands of the trace are 

q F. O. Bower, Size and form, London 1930. 

q D. H. Scott, The old wood and the new. New Phytol. 1, 1902, p. 25. 

■*) Nageli, he. (f.n. 4 on p. 71) p. 45. 

‘q J. C. ScHOUTE, Beitrage zur Blattstellungslehre 11. tJber verastelte Baum- 
farne und die Verasteliing der Pteropsida im allgemeinen, Rec. trav, hot. neerl. 1 1, 
I 1914, p. 93, see p. 156; O. Posthumus, On some principles of stelar morphology, 

ibid. 21, 1924, p. Ill, see p. 145, J. C. Schoute, On the foliar origin of the internal 
stelar structure of the M ar at ti ace ae , 23, 1926, p. 269, see p. 271 ; J. C. Schou- 

I TE, On pleiomery and meiomery in the flower, Ibid. 29, 1932, p- 164, see p. 214. 
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to be followed over a certain distance in tlie stele, and usually they unite 
with the stem protoxylem strands. 

In examining the influence of these leaf-traces the first question to be 
raised may be whether the stellate xylem of Asteroxylon owes its form to 
leaf-trace influence. 

The fact that there, where leaf-traces are absent, the xylem in Asfero- 
xylon is cylindrical (rhizome, peculiar axes) points in that direction; more- 
over the fact that the xylem flanges always contain leaf-trace protox3dem 
strands in their distal parts is in favour of that view. 

A solution of this point wall remain impossible as long as insufficient 
data are available on the relation between ph^dlotaxis and flange dis- 
tribution. 

Unlike the case of the Filioinae, where often large leaf-gaps are to be 
observed, the traces of microphyllous plants usually give no further 
changes. This may partly be due to the fact that the leaf-traces are so 
much weaker than in the Filicinae ; small traces in ferns do not cause gaps 
either. It may be connected, moreover, with the peripheral position of the 
stem protoxylem in many forms, the union of trace and protoxylem oc- 
curring at the outside. 

When we look at the rare cases of endarch xylem we find that in the 
trailing stem of Selaginella spinosa the small traces simply pierce the 
metaxylem without causing any gaps ^). In the stigmarian axes with cen- 
trifugal wood on the other hand the rootlet-traces as described above cause 
gaps. 

Jeffrey once enounced the view that the microph^dlous Pterido- 
phytes only form ramular gaps, whereas the Ferns and Spermophytes 
moreover in all cases form leaf-gaps. It has been long recognized since 
that this generalization was too wide ^). 

4. Stem xylem and leaf-trace xylem. Posthumus makes 
a theoretical distinction between the original cauline xylem as present in 
Rhynia and the xylem which is formed under the influence of the entering 
leaf-trace, categories which he distinguishes as the stem xylem and the leaf- 
trace xylem ^). 

The question rises whether and in how far this distinction ma}^ be 
carried through, and whether is has a biological meaning. If we, for 
instance, could show that the stem xylem was induced acropetall}’ and 
the leaf-trace xylem basipetally, then the distinction would be well 
established. 

b Harvey- Gibson, l.c. (f.n. 2 on p. 72) p. 172, PI. 9 fig. 37. 

“) E- C* Jeffrey, The structure and development of the stem in the Ptcridophyta 
and Gymnosperms, Phil. Trans. 195, 1902, p. 119, see p. 144; Are there foliar gaps 
in the Lycopsida? Botan. Gaz, 46, 1908, p. 241, 

, Bower, op.c. 1935 (f.n. p. 67) p. 329. 

. q Posthumus Lc. (f.n. p. 75) p. 155., 
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For tlie protoxylenT strands this question amounts to the alternative 
whether the stem pro toxylem strands are sympodia or not. When they are 
i cauiiiie, like the central protoxylem is in Rhynia major, their number may 
be regulated in harmony with the size factor by acropetal splitting or union, 
or perhaps by insertion of new strands between the others and by dis- 
coiitination. 

In such a way Lycopodium might satisfactorily be taken, the more or 
less independent cauline protoxylem strands receiving the numerous ieah 
trace protoxylems from various sides. In other cases, however, thei*e are 
I objections, namely when the distribution of these strands is regulated by 
' phyllotaxis. 

I When in Equisetmn number of strands is always equal to that of the 

teeth of the next higher sheath, there is no doubt ; in Equisetmn all proto- 
xylem strands are decurrent from leaf-traces, and the same holds good for 
' Calamites: When in Sphenophy Hum the stem invariably is triarch and the 
protoxylem strands always lie exactly under the leaf orthostichies, the 
I same conclusion presents itself. The root of Sphenophyllum is diarch or 

I tetrach, rarely triarch; this variation might return in the stem in case of 

independency of the stem protoxylem strands. 

Flaving thus on one h.B.n6. Rhynia with undoubtedly acropetal proto- 
xylem and on the other hand and some others with a basipetal 

leaf-trace protoxylem, most Pteridophytes are difficult to incorporate into 
either of these groups ; perhaps intermediate cases may also occur. Detailed 
investigations about the existing conditions might possibly bring more light . 

I Turning now to the metaxylem we may begin with the remark that its 

I differentiation always proceeds from the protoxylem "‘poles”, as has even 

been stated in Asteroxylon. But as differentiation and induction are quite 
different processes this does not prove that the metaxylem is induced by 
stimuli emanating from the protoxylem. 

, Yet there are indications that at least in some plant groups this latter 

condition really occurs. Since in Equisehim the metaxylem is only to be 
found in small quantities in a definite position with regard to the proto- 
xylem, or since in some Lycopodium sptciQS the metax3dem occurs in 
longitudinal plates always extending between protox^dem strands, we 
cannot escape the conclusion that the metaxylem distribution depends on 
that of the protoxylem. 

Eox Sphenophylkm nnd, ioi Asteroxylon the same conclusion may be 
drawn for the outer part of the metaxylem, the flanges. Nothing can be 
said, however, about the central core. 

' We come therefore to the general conclusion that the stem xylem which 
phylogenetically no doubt was once independent and which was induced 
acropetally, gradually may have come under the influence of the entering 
leaf-traces, or in other terms that it may have become dependent for its 
realization on stimuli emanating from these traces. 

I' 
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In this way the distinction between stem and leaf-trace xylem, though 
still being possible, looses much of its pregnancy. 

One remark only remains to be made, namely that the stem stele, even 
when it forms no xylem or any other tissues independently, yet keeps its 
anatomical independence and importance; it acts as a recipient for leaf- 
trace stimuli. These stimuli in their centripetal course on having reached 
the stele, bend downward so -as to induce the stelar vascular strands in 
their typical arrangement. This stele still develops in an acropetal way,, 
just as it does in Rhynia. 

5. P 0 1 y s t e l y. From the above related facts it may be inferred that 
the polystelic condition is only an unimportant departure from the normal 
monostely. The term, framed by Van Tieghem from the wrong idea of a 
splitting of the stele, may be used as before, notwithstanding its origin. 

Z. F i 1 i c in a e. 

1 . Reduction of central part of xylem. The phe- 
nomena of reduction of the central part of the protostele xylem in Filicinae 
are the exact counterpart of those in the microphyllous Pteridophytes ; in a 
number of cases a mixed pith has been described^), .and this may lead 
towards a complete medullation. There is, however, one complication, 
namely that a medulla may also be arrived at by fusion of leaf-gaps, as 
will be discussed below; a medullation independent from leaf-gaps is to 
be met with in most Osmundaceae, in Gleichenia pcctinata and in the 
Hymenophyllaceae ^) . 

2. A r r a n g e m e n t of proto- and m e t a x 3 ^ 1 e m. Proto- 
X 3 dem strands are not alwa 3 ^s present in the stem stele. As Tansley and 
Lulham write: ‘'spiral protoxylems of many Ferns are confined to the leaf 
and are absent in the stem altogether” ; this is the case in the Hynieno- 
phyllaceae, the Schizaeaceae and according to Posthumus for instance in 
Platyzoma^). 

In many other cases the strands from the leaf-traces run down in the 
stem stele over a certain distance and then die out (e.g. in most Osnmnda- 
ceae ^)). In ferns with an internal system the protoxylem strands ma}^ run 
down in the in Cyatheamohiccana (= Britnonis) and 


h For examples see Bower op.c. 1935 (f.n. p. 67), p. 334. 

Posthumus lx. 1924 (f.n. p. 75), p. 155, 163; O. Posthumus, On the anatom}' 
of the Hymenophyllaceae and the Schizaeaceae and some additional remarks on 
stelar morphology, Rec. trav. hot. neerl. 23, 1926, p. 94, see p. 102. 

^) A. G. Tansley and R. B. J. Lulham, A study of the vascular system of Ma- 
tonia pectinaia, Ann. of Bot. 19, 1905, p. 475, see p. 503. 

^) Posthumus l.c. 1924 p.- 166. 

^) Posthumus l.c. 1924i ,p. 115-139. 

^) D. T. Gwynne-Vaughan, Observations on the anatomy of solenostelic ferns, 
II, Ann. of Bot. 17, 1903, p. 689, see p, 708. 
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in Matonia pectinata'^). In the normal outer dictyosteie they often fuse 
with strands from lower traces and so form sympodial strands (e.g. in 
Gleichenia pectinaia ^)) . 

The position of these protoxylem strands in the stem xylem is described 
by Tansley and Lulham in the following words: “The exact position of 
the spiral protoxylems in relation to the metaxylem of the vascular 
strands of the stem is decidedly variable. Exarchy, endarchy, and me- 
sarchy are all found within comparatively small groups, and the actual 
course of evolution seems to affect the position of the protoxylems much 
more freely and rapidly than in the other great groups of vascular plants''^) . 

Whether the .stem stele sometimes may form protoxylem-strands other 
than those from leahtraces has not been established. Tansley and Lul- 
ham write: ''spiral protoxylems in the stems of Ferns are always.... 
continuous with those of the petiole. In those cases in which there is no 
spiral protoxylem in the stem there may be a localized non-spiral proto- 
xylem-band round the stele, which is exarch [Loxsoma, w^xiousDavalliae, 
&.) or endarch {Schizaea malaccana), but which has no connection with the 
leaf protoxylem; or the differentiation of tracheids may be more or less 

irregular etc.)” 3)^ 

So we see that, notwithstanding the fact that distinct protoxylem strands 
always seem to be foliar, there may be a more vague band of protoxylem 
belonging to the stem proper. 

About the distribution of the metaxylem little need be said after the 
above remarks. Some factors influencing this distribution are the medul- 
lation, the development of a stellate xylem and the leaf-gap formation; 
for the last-named factors see below sub 3. 

3. I n f 1 u e n c e 0 f 1 e a f-t race s. In the first place we may again 
ask whether a stellate stem xylem may owe its form to the influence of 
leaf-traces. Stellate xylems occur in the family oi Clepsydropsidaceae. As in 
the case of Asteroxylon the xylem flanges in their distal parts contain 
protoxylem strands on which the leaf-traces insert. 

In Ankyropteris Grayi the correspondence between the phyllotaxis and 
the flange distribution is very conspicuous ; evidently the flange for- 
mation is ruled here by the leaf distribution. 

In Asterochlaena and in Asteropteris both phyllotaxis and stele con- 
struction being more complicated, the relation between the two phenomena 
is not clear. 

In these plants not only the stem xylem is stellate, but the whole stele 
assumes the same form, in contrast with the condition in Asteroxylon. 


b Tansley and Lulham, l.c. (f.n. p. 78), p. 505. 

2) PosTHUMUS l.c. 1924, p. 163. 
b See foot-note 3 p. 76. 

‘b E). H. Scott, Studies in fossil botany, 3rd ed., I, London 1920. 


80 '\ / ' j/c. SCHO'UTEV'ANATOMY 

111 the seGoncl place the leaf-gap formation has to be considered. The 
small traces of the first leaves in the sporeling usually insert on the stem 
stele without causing any gaps. The higher and larger traces however 
gradually begin to do so, as has already been descidbed in great detail 
byDEBARY^). 

About the processes going on during the formation of a leaf-gap, the 
following set of suppositions has been made by Posthumus, suppositions 
which may be held to be the most satisfactory in the field . 

The leaf-trace in the Filicinm is composed of the united downward ex- 
tensions of a number of elementary pinna-traces, each originally consisting 
of an endodermis, a pericycle, a cylindrical phloem and inside a mesarch 
xylem strand. These bundles may be simply united by juxtaposition, but 
in their further course their constituent parts usually fuse, up to the proto- 
xylems, so that in the petiole the number of protoxylem strands may be 
small. 

At the adaxial side of any protoxylem strand the formation of meta- 
xylem is inhibited by some unknown influence over a certain area, de- 
pendent on the strength of the protoxylem strand ; the procambial elements 
which might have formed the metaxylem then differentiate as parenchyma, 
casu quo as phloem or as sheath tissue. 

A small protoxylem strand in a mesarch xylem therefore will be ac- 
companied by a downward tapering parenchyma funnel inside the tubular 
metaxylem; a larger protoxylem strand will lie in a gutter-shaped meta- 
xylem, the concavity falling towards the adaxial side. 

When in a leaf-trace the parenchyma strand accompanying the proto- 
xylem ends before the stem stele is reached, no interruption in the latter is 
formed {Thamnopteris Schlechtendali ] wdien it is continued further 
down, a depression in the stem xylem ensues, or a funnel-shaped pocket. 
The pockets caused by different leaf-traces may remain separate, but 
when extending far enough they will unite and a pith will be formed in 
this way {Polypodiaceae, Cyatheaceae ^), Schizaeaceae ^)). The xylem being 
reduced in this way unto a hollow cylinder, the free parts of the pockets 
will appear as gaps in the cylinder, as leaf-gaps. 

When in other forms a pith has been formed already by reduction of 
the central xylem part, the funnels will pierce the hollow xylem cylinder 
and cause analogous leaf-gaps . 

These are the views of Posthumus which will be adopted here. For a 
different conception of the relation between leaf-trace and stem stele the 

h DeBary, op.c. (f.n, p. 66),p. 294. 

“) PosTHUMus Lc. 1924, Ch. I. 

») Posthumus Lc. 1924, p. 118, fig. 1. 

h Posthumus Lc, 1924, p. 280. 

q Posthumus Lc, 1926 (f.n. p. 78), p. 102. 

Posthumus Lc. 1924, p. 278- 


J, C. SCHOUTE, ANATOMY 


81 


reader may be refeiTed to the excellent survey given by Tansley ^). It 
may be remarked however that Tansley could not fail to recognize ‘hhe 
fact, which seems to be indisputable, that the leaf-trace leads, and the 
stele follows, in the course of evolution” 2). 

In a number of ferns where a pith is present, the stelar structure is 
complicated by the formation of an ''internal structure”, i.e. of additional 
vascular strands in the pith ^). This internal structure is due to the in- 
fluence of leaf-traces too, but in the details the mode of origin may be 
brought about in two different ways. 

In the first place the internal structure may be due to the fact that 
the leaf-traces only partly unite to the dictyostele, part of their strands 
which already in the petiole occupy a more or less internal position directly 
running into the pith through the leaf-gap. This condition is realized in the 
Cyatheae were the leaf-traces are provided with two lateral inward folds 
and the strands of these folds pass into the pith, in which they may either 
form an inextricable network [Hemitelia capensis^)) or they may end blindly 
{Cyathea moluccana (= Bmnbnis ®)). Such a leaf-trace course may be ex- 
plained by assuming that the peripheral strands of an^^ leaf-trace being 
accompanied by a hollow continuous parenchyma cylinder inside the 
strands, the central petiolar strands are forced to remain inside this paren- 
chyma cylinder and so have to enter into the pith. 

In the second place the leaf-traces may unite wholly to the dictyostele, 
but on their downward course in the dictyostele they may abut on lower 
leaf-gaps and may be forced by the parenchyma strands passing through 
these leaf-gaps to turn inward. These continued leaf-traces, as I have 
termed them when long enough, may unite and form a complex similar 
to that in the sporeling axis, a replica of the first protostele ; the cylindrical 
form of this inner protostele being due to the fact that the inhibition zone of 
the outer dictyostele constitutes a parenchyma tube inside which the 
continued leaf -traces are compelled to run. When still stronger the con- 
tinued leaf-traces begin to cause gaps in this “inner stele” and so a second 
dictyostele is built up, in which a third system may be formed, and so on. 


1) A. G. Tansley, Lectures on the evolution of the miiciiiean vascular system, 
New Phytol., 6, 1907, p. 25. 63, 109, 135, 148, 187, 219, 253; 7, 1908, p. 1, 29. Issued 
in book-form as New Phytologist Reprint 1908. 

2) Tansley, New Phytologist, 1908, p. 2. 

ScHOUTE l.c. 1926 (f.n. p. 75), with quotations of literature; see moreover 
Tansley l.c. 1907, p. 193; F. O. Bower, The Ferns, Cambridge I, 1923 (p. 151), II, 
Cambridge 1926 (p. 101). 

^) Tansley l.c. 1907, p. 223; Posthumus l.Q. 1924, p. 258. 

sj Q Mettenius, fiber den Bau von Angiopieris, Abh. math. phys. Cl. K. 
SS.chs. Ges. d. Wiss., 6, 1864, p. 501 seep. 525. 

®) D. T. Gwynne-Vaughan, l.c. (f.n. p. 78),. p. 708. 

’) ScHOUTE, l.c. 1926, p. 274. 

Manual of Pteridology ^ 
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Tansley proposes the term polycycly for the presence of internal 
systems, whether consisting of concentric cylinders or of scattered strands. 
As the term is very useful for the former case and does not apply very well 
to the scattered strands of the Cyatheae, it will be used here in the limited 
sense of only indicating the presence of concentric vascular structures. 

This polycycly is to be found in several groups of Filicinae, in Eu- 
as well as in Leptospomngiatae. Evidently it is of a polyphyletic origin and 
the similarity of the phenomena is due to the development along the same 
lines ; it is obvious that its importance for the plant, like that of the internal 
system of the Cyatheae, is to be found in the increase of the internal ex- 
changing surface between vascular tissue and parenchyma, according to 
Bower's size factor. 

It occurs in all Marattiaceae ^) and in Psaronius ; in some Polypo- 


Tansley l.c, 1907, p. 193. ' 

Tansley, l.c. 1907, p. 227; Schoute, l.c. 1926. 

'^) Our detailed knowledge of the stelar structure of Psaronius has been founded 
by K. G. Stenzel (tlber die Staarsteine, Nova Acta 24, 1854, p. 753; Psaronius in : 
"H. VON Meyer, Palaeontographica, Beitr§.ge zur Naturgeschichte der Vorwelt, 
12, H.R. Goeppert, Die fossile Flora der Permischen Formation, Cassel 1864/’65’b 
p. 46; Die Psaronien, Beobachtungen und Betrachtungen, in : Beitrage zur Palhon- 
tologie und Geologie Osterreich-Ungarns und des Orients, 19, 1906, p. 85); R. 
Zeiller (Bassin houiller et permien d’Autun en d’Epinac, 2, Flore fossile 1, in: 
Etudes des gites mindraux de la France, 1890, see p. 178) ; K. Rudolph (Psaronien 
und Marattiaceen, Denkschr. k. Akad. d. Wiss. Wien, math, naturw'. KL 78, 1906, 
p. 165). 

Hirmer in his hand-book (op.c. 1927 (f.n. p. 66) seep. 545) gives an elaborate 
and thorough description of the anatomical facts known about In his 

text as well as in his diagrams, however, some misconceptions have crept in which 
may tend to cause confusion. 

The least harmful of these errors is that in Psaronius inf arctus a difference is 
assumed between two kinds of dictyosteles, as every first, third, fifth etc. dictyo- 
stele is supposed to have no relation to the continued leaf-traces which only attach 
to the second, fourth etc. (op.c. p. 559 and fig. 680). 

As Ps. infarctus, described and pictured from one single specimen by Zeiller 
(op.c. p. 208) and afterwards elucidated from Zeiller* figures with perfect clearness 
by Rudolph (l.c. p. 177, PL 2, fig. 1), belongs to the best known Psaronii, we are in 
the position to state that Ps, infarctus in no way differs from the ordinary scheme 
and that Hirmer’s fig. 680 should be cancelled. 

More important are two independent errors, expressed in fig. 674, representing 
the bundle course in Ps. Ungeri, after Stenzel's drawings. PIirmer gives a radial 
section through a cylindrical stem part, and delineates a number of obconical 
dictyosteles, the one within the other. All these dictyosteles are represented as 
abutting free on the stelar surface; in a superficially tangential section through the 
stele we therefore should have met with all dictyosteles . 

From the description given above it must be clear however, that the outer 
bundles of the whole stele, from its formation in the sporeling up to its last stages 
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Maceae (Saccoloma elegans, S, domingense, S. inaeqiiale ; Dennsiaedtia - 


in the vegetative cone, form one single mesh-work. This is not only the case in ail 
Mar attiaceae, B^nd nol only must it be so on theoretical grounds, but it has been 
stated directly by Zeiller for Ps. infarcHts (op.c. p. 183, PI. 15, fig. 2). 

The dictyosteles never are obconical in a cylindrical part of a stem; an obconical 
shape of the dictyosteles, as drawn for instance by jMettenius for Angiopteris 
evecta (l.c. PL 2, fig. 1) only occurs in an 
obconical part of a stem; in general all 
dictyosteles are parallel to the stem surface, 
as has been fully realized by Zeiller (op.c. 
p. 178) and by Rudolph (l.c. p. 178). 

In the second place the dictyosteles in 
Hirmer’s diagram reach farther down at 
one side than at the other side, all longer 
ends being situated at the same stem side, 
between tw^o leaf orthostichies. For such 
an assumption which presents great dif- 
ficulties for mental picturization, there is 
no evidence. 

A last point to be mentioned here does 
not concern a diagram but only a state- 
ment in the text: Hirmer assumes that in 
Psaronii with a spiral phyllotaxis the dicty- 
osteles together constitute a conical spiral, 
a conical winding-staircase. This again is a 
mistake; in a case of spiral phyllotaxis the 
dictyosteles are parallel to the surface as 
in other cases. In Maratii a with a main 
series phyllotaxis the dictyosteles are quite 
independent, and the same is to be found 
in other MaraUiaceae. 

The opinion of Hirmer is based on 
Pscifonius Demolei oi which Zeiller gave 
drawings (op.c. PL 24) of transverse 

sections; these drawings do not allow a sufficient analysis of the stelar structure. 

For the sake of clearness it may be advisable to substitute a new diagram of 
a longitudinal section through a stele with internal structure of the kind treated 
here. Our fig. 1 may be taken as a trial; it has been kept as simple as possible so as 
to be applicable not only to all Psaronii but also to all other polycyclic 
It represents a stem part, obconical in its lower and cylindrical in its upper half; at 
the top a half transverse section has been added. The leaves are supposed to be 
arranged in one single orthostichy, a case never realized in nature, and the num.ber 
of dictyosteles is limited to three. The leaf-traces are represented in white, the 
“stem xyiem" in black. The description of the general features in the text will 
further sufficiently explain the diagram. 

^) PosTHUMUS l.c. 1924 (f.n. p, 75) p. 219. H. Karsten, quoted there, has been 



Fig. 1 . Diagram of basal part of longi- 
tudinally halved polycyclic stem. 1 — 7 
: leaf-traces and continued leaf-traces 
of seven leaves, all placed in a single 
orthostichy. 


the first to understand the structure of a polycyclic stele (1847). 
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cornnta, D: mbiginosa, D. rufescens^); Pteris Kunzeana^); Acrosticham 
aurcum in the latter case combined with the direct entering of some 
trace strands through the leaf-gap into the pith Cyatheae)] in the 

Cyaiheaceae in Thyrsopteris and finally among the Matoniaceae in Ma- 
fonia pecUnata ^) . 

■ In literature the internal structures nearly always are described as 
running in an acropetal direction. The fact that the regularity of distri- 
bution of the internal strands is perfect in the outermost dictyostele and 
gradually diminishes towards the innermost dictyostele clearly proves that 
here, as elsewhere, the stimuli inducing the strands must have been basipe- 
tal; when as is often done the continued leaf-traces are described as repar- 
atory strands, arising from the inner systems and closing the leaf-gaps in 
the outer systems, this is not in harmony with their actual origin. 

4. Stem xylem and 1 e a f-t r a c e x y 1 e m. As in the case of 
the microphyllous Pteridophytes we have to face the question whether all 
stelar xylem masses are to be taken as foliar xylem, as originated under the 
influence of the entering leaf-traces, or whether the original stem xylem 
still plays a role in the xylem formation. 

Posthumus answers this question in the latter sense ; according to 
him the 'stelar xylem for the greater part is stem xylem, the leaf-trace 
xylem only being present in the downward continuation of the leaf -traces. 

On a former occasion I advocated the reverse view, that only leaf- 
trace xylem in the fern steni may be left, especially on account of the 
curious distribution the stem xylem remnants, postulated by Posthumus, 
would be subject to in polycyclic stems. 

So I am led to the following suppositions. In the Ferns the original 
Pteridophyte stele with its external sheaths, its phloem and its central 
solid xylem has been reduced into a merely topographical tissue column, 
acting as a recipient for leaf-traces, but without any tissue differentiation 
of its own. In this stele the leaf-traces once having entered bend down- 
wards, so that all traces are arranged on a cylinder surface, indicating the 
stelar form. 

The traces further act like organisers in this organization field, inducing 
the differentiation of protophloem and protoxylem, and also of all other 
vascular tissues next to these strands. 

When a certain amount of xylem is to be formed in a narrow stele, a 


h Posthumus l.c. 1924, p. 224. 

-) Posthumus l.c. 1924, p. 240. 

'^) Posthumus l.c. 1924, p. 247. 
h Posthumus l.c. 1924, p. 258. 
q Tansley l.c. 1907, p. 196. 
q Posthumus l.c. 1924, p. 155. 
q ScHOUTE l.c. 1926 (f.n, p. 75), p. 294. 
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as 

protostele ensues ; when the stele is larger, xylem will only be differentiated 
in the neighbourhood of the leaf-traces and a pith will remain in the centra] 
part (reduction of central xylem part) , ' 

In polycyclic ferns the traces abutting on lower leaf -gaps are continued 
into the pith; here they may only be formed inside the parenchtnna tube 
accompanying the dictyostele and therefore are arranged anew on a 
cylinder surface. Here a second vascular cylinder may be formed by their 
inducing power and further cylinders may be formed in the same way. 

IV. Origin of primary organization. The main 
stem of the plant arises exogenously in the embryo; its epidermis and 
cortex are connected to the outer cell layer and to the ground tissue of the 
embryo, its stele is formed in connection with that of the primary root. 

Branches formed by dichotom}^ always derive their epidermis, cortex 
and stele from the corresponding tissues of the podium, the stele dividing 
in the same w-ay as the whole stem ; in lateral branches the tissue systems 
are nearly always of the same origin. It is only in small lateral and in 
adventitious branches that departures from this scheme may be found, 
though this is not general. 

In Rhynia Gwynne-V aughani the adventitious branches arising under n 
stoma form only their epidermis and cortex from the corresponding tissues 
of the main stem; the stele is formed anew somewhat higher up ^). In the 
bulbils of Lycopodmm, where the bud-trace is of about the same size as 'a 
leaf-trace and in Dryopteris Filix-maswhQX^ the connection between the 
bud stele and the leaf-base stele is brought about in very different ways ^j, 
we get the impression that the bud stele is formed independently and after- 
wards is connected to the vascular strands of the parent organ. 

One point remains to be dealt with here, the occurrence of the so-called 
ramulargaps. In equally or unequally dichotomizing stems the stele of both 
shanks may sometimes show a large interruption in its vascular tissues at 
the side turned towards the other shank. This interruption has been termed 
ramular gap by Jeffrey, as a counterpart to the old term '‘Blattlucke”. 

These ramular gaps may be present in microphyllous as well as in mega- 
ph^dlous plants, but they may equally be absent in both groups. The\?- have 
been pictured for instance in Lepidodendron and in Osmunda cinna- 


q R. Kidston and W. H. Lang, On old red sandstone plants showing structure, 
from the Rhynie Chert Bed, Aberdeenshire. I. Rhynia Gwymie-V aughani , Kidston 
and Lang, Trans. 'Roy. Soc. Edinburgh, 61, p. 761, see p. 775. 

q R. Wilson 'BiiVoils oi Lycopodium lucidulum, Bot. Gaz. 69, 1920, p. 

426. 

K. G. Stenzel, Untersuchungen uber Ban und Wachsthum der Fame. 11, 
Uber Vcrjlingungserschemungen bei den Farnen, Nova Acta 28, 1861, p. 3. 

W. C. Williamson, On the organization of the fossil plants of the Coal- 
measures, 3, Lycopodiaceae (continued), Phil. Trans. London, 162, 1873, p. 283,, 
see PI. 43, fig. 19. 
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momea^-), but they are lacking in Lycopodium^), in Todea havhavci and, 
in some cases, in Osfmmda cinnamomea too^). A closer investigation of 
these phenomena and if possible of their underlying causes might be of 
great advantage for our knowledge of stelar structures. 

B. Secondary tissue formation. 

The distinction between primaiy and secondary tissues in most cases is 
quite clean-cut and nobody will have any difficulty in determining whether 
a tissue is primary or secondary. 

In transitional cases it appears that the distinction, however natural it 
may be, is not so easily formulated. On a former occasion I came to the 
conclusion that the best division principle is to be found in the origin of the 
tissue cells before or after the close of the longitudinal growth; on the 
whole I still cling to that view, though recognizing that the diffuse thicken- 
ing growth of palm stems would require another division principle if we 
want to take it as secondary growth . 

In Pteridophytes undeniable secondary tissue formation takes place: 
secondary cork tissue formation in the Lepidopliytes, Sphenophyllum, 
Calamiies, Boirychioxylon, Botrychium and Helminthostachys ^), and 
formation of secondary phloem and xylem in the same cases ”) with the 
addition of Isoetes. 

Moreover the formation of secondary xylem has been described by 
Boodle in Psilotum and by Cormack in Equisetum. With respect to 
Psiloium I might remark that from Boodle's decription it is clear that 
the so-called secondary tracheids are only late in their differentiation, but 
that they have been formed simultaneously with the surrounding cellular 
elements; according to the above definition they are therefore primary. 
In Equisetum the secondary nature of the nodal wood, claimed by Cor- 
mack, has been rightly refuted by Barratt ^). 

I. Secondary cork tissue formation. The sec- 
ondary cork tissue formation in Sphenophyllum, Calamites, and where 

b Jeffrey, lx. 1902, (f.n. p. 76), p. 123. 

b Cramer, Lc. (f.n. p. 71), PL 31, fig. 1-10; Meyer l.c. 1926 (f.n. p. 71), PL 12. 

q Jeffrey, Lc. 1902, p. 124, 125. 

b J. C. Schoute, tjber Zellteilungsvorgange im Cambium, Verb. Kon. Ak. v. 
Wet. Amsterdam, 2nd sect. 9, 4, 1902, see p. 56. 

b J. C. Schoute, tlber das Dickenwachstum der Palmen, Ann. d. Buitenzorg 26, 
3912, p. 1, see p. 203. 

b Ph. Van Tieghem, Sur quelques points de Lanatomie des Cryptogame.s 
vasculaires. Bull. Soc. bot. de France, 30, 1883, p. 169, see p, 170. 

b Van Tieghem, Lc. p. 171. ' 

b L. a. Boodle, On the occurrence of secondary xylem in Psilotum, .\iin. of 
Bot. 18, 1904, 0. 505. 

'*) K,' Barratt, A contribution to our knowledge of the vascular system of the 
genus Equisetum,- Kun. of Bot. 34, 1920, p. 201, see p. 217. 
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present in the Filicinae, has hardly any remarkable features; it is formed 
by a phellogen, arising in the epidermis in Botrychium ^), in the outer 
cortex in BotrycMoxylon, in the innermost cortex, or afterwards in the 
secondniy yMoern, in Sphenopkylhmi nnd in Calmnites, 

It always consists of radially arranged phellem cells, being suberized 
periderm in and probably also in the fossils. A formation of 

plielloderm has as far as I know only been described in Botrychmm by 
Van Tieghem. , 

It is only in the Lepidophytes that the secondary cork tissue shows a 
much higher development, following a course of evolution not known to 
exist in any other recent or extinct plant. 

The phellogen in these plants arose in the outer cortex, often im- 
mediately under the leaf-cushion zone, or else somewhat deeper in the 
outer cortex ^). Its products consisted either of fibres only, or of fibres 
intermixed with parenchyma, as a consequence of the chambering of 
part of the fibres by transverse walls. 

Whether real periderm occurred at the outside in small quantity is 
unknown; in any case the bulk of the tissue consisted of living cells. And 
as the fibres were more or less thick-walled, sometimes in a way reminiscent 
of collenchyma 2), the tissue no doubt had a mechanical function; by its 
bulk and position it is generally even held to have constituted the chief 
mechanical tissue of the stem. On account of its peculiar differentiation it 
has been termed peridermoid by KubartA) ; this rather meaningless term 
might perhaps better be replaced by secondary collenchyma. 

The determination of the exact place of the phellogen in the secondary 
tissue has given much trouble to a number of investigators (WillIxUISON, 
Solms-Laubach, Bertrand, Hovelacque, x\rber and Thomas, Seward, 
Kisch ^), for quotations of titles see the last mentioned author). The 
phellogen itself usually being not very clear in the slides, the authors tried 
to determine its position from the occurrence of a zone with thin tangential 
wails and radially short cells, or from the occurrence of zones of least 
resistance, as illustrated by lines of split. 

As a result the common opinion nowadays is that the phellogen was 
situated near the outer periphery of the secondary tissue, in other words 


Van Tieghem, l.c. p. 170. 

“) M. H. Kisch, The physiological anatomy of the periderm of fossil Lycopo- 
Ann. of Bot. 27, 1913, p. 281, see p. 287. 

'*) Kisch Lc. p. 301, J. Walton, Scottish lower carboniferous plants: the fossil 
hollow trees of Arran and their branches (LepidopMoios Wiinsohi amis Carruthers), 
Trans. Roy. Soc. Edinburgh 58, 1935, p. 313, see p. 327. 

q B. Kubart, Stigmaria Bgt., Mitth. naturw. Ver. Steiermark, 71, 1934, p. 33, 
see p. 35. 
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that little pliellem was formed to the outside, but a good deal of plielloderm 
to the inside ; the stigmarian part of the plants only were excepted, by 
having an internal phellogen. . 

The thorough survey of the facts as given by Kisch, and several ob- 
servations by former investigators, make it probable however that this 
opinion must be revised, and it is not impossible that the development in 
all cases was centripetal. It has namely been recognized in several cases 
that the phellogen was not initial-celled but of polygenous origin 2), i.e. 
arose in more than one tangential row of primary cells. This has been clearly 
demonstrated by Eisch ^). 

In later stages the phellogen evidently often followed the same line, in so 
far as it continued to absorb fresh primary cortex cell rows,.i.e. w^as 
often a transition cambium. This has been observed very clearly by 
Hovelacque in Lepidodendron selaginoides^), Midi is to be seen in 
several drawings in literature as for instance by Williamson and by 
Kisch ®) ; it may account for the very irregular inner outline of the sec- 
ondary tissue which often invaded much further into the cortex on one 
side than on another side next to it "). For an initial-celled phellogen such 
an irregular boundary might not have been expected. 

When actually the phellogen in most cases was a transition cambium, it 
is quite natural that it often is not clear in the slides, as the rows of dividing 
cells may have stopped their activity before new rows began. The con- 
troversies in literature about the position of the phellogen may be partly 
due to this circumstance; moreover it seems certain that in many cases 
the adult tissues gave rise to renewed growth and renewed divisions . 

q Hirmer introduces the new terms exophelloderm for pliellem and endopliel- 
ioderm for phelioderni (Hirmer op.c. 1927, p. 216). x\s pliellem and plielloderm 
are already neutral terras indicating the tissues formed to the outside and to the 
inside of the phellogen, irrespective of their differentiation, there seems no reason 
for this introduction. 

-) For the terms polygenous origin and transition cambium see Schoute in 
J. J. Beyer, Die Vermehrung der radialen Reihen im Cambium, Rec. trav. bot. 
neerl. 24, 1927, p. 631, see p. 649. 

3) Kisch, l.c. p. 291, fig. 5. 

M, HovELAcguE, Recheiches SMI le Lepidodendron selaginoides Sternli., Mem. 
Soc. Linn, de Normandie, 17, 1892, p. 1, see p. 158. 

q W. C. W illiamson, A monograph on the morphology and histology of Stig- 
maria ficoides, The Palaeontographical Soc., Volume for the year 1886, London 
1887, see Pi. 6, fig. 9, 45; PL 8 fig, 22. 

<'*) Kisch, l.c. PL 24, fig? 2, zone c, 

’) W. C. Williamson, On the organization of the fossil plants of the Coal- 
measures, II, Lycopodiaceae: Lepidodendra and Sigillariae, Phil. Trans. London, 
162, 1873, p. 197, see PI. 30. fig. 41 ; Williamson he. 1887 (f.n. 5 above), PL 8, fig. 15. 

®) Kisch, l.c. p, 299. 
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The principal argument for the assumption of a transition pheilogen 
however is furnished by the dilatation phenomena in the secondarj^ tissue., 
a topic which has rarely been mentioned in the pertaining papers. Only 
Hirmer remarks that “bei mehr und mehr zunehmenden Stelendurch- 
messer von innen heraus ein allmahlich unertraglicher Druck gegeii die ge- 
samten fester gebauten Rindenpartien stattfinden [musste], w^enii nicht 
tangentiahdehnungsfahige Elemente in radialer Anordnung entsprechend 
eingefiigt waren’h Hirmer gives an elaborate diagram of the stem of 
Lepidodendron vasculare (= selaginoides) to explain the prevailing con- 
ditions. 

Against this view of Hirmer I might remark, that a dilatating action by 
the expanding stele could only influence the secondary cork tissue after the 
soft inner cortex had been wholl}?- crushed. Moreover the influence of this 
action would be strongest in the oldest innermost phelloderm parts and 
gradually diminish towards the peripheral pheilogen. 

The dilatation phenomena actually observed are quite different; ’svhat 
we observe is a strong dilatation of the outer secondary cork tissue zones, 
diminishing and finally disappearing towards the inner edge and giving 
rise in the outer zones to the so-called Dictyoxylon structure, i.e. the for- 
mation of a network of radially undulating fibre rows, filled up by pa- 
renchyma. 

This condition has been cleari}^ described and pictured by Renault for 
Lepidodendron Rhodumnense and by Kisch for Lepidodendron hr evijo- 
liumP^)\ m the latter case the dilatation wedges even reached into the 
cortex outside the secondary tissue. It is moreover to be seen perfectly 
clearly in some figures by Williamson ^). 

In other cases the secondary cork tissue evidently was dilatated as 
a whole by the stele, after the crushing of the inner cortex; the tissue 
dilatation then, though stronger in the outer layers, is clearly visible in the 
internal parts too ^). 

Kisch supposes that the strong dilatation in the outer zones might be 


q Hirmer op.c. 1927, p. 216. 

B. Renault, Structure comparee de quelques tiges de la flore carbonifere, 
Nouv. Arch, du Mus. d’Hist. Nat. 2nd ser, 2, 1879, p. 213, see p. 252 and especiail}'- 
PI. 10, fig. 6, 9-14. 

'‘) Kisch, l.c. p, 308. 

4) Williamson op.c. 1887 (f.n. p. 88), PI. 8, fig. 23, 24. 

q Described for SigiUana spinulos a in: B. Renault, Reclierches sur les vege- 
taux silicifies d'Autun, Etude du Sigillaria par MM. B. Renault et 

Grand’Eury, Mem. pres, par divers savants a P Acad. d. Sc. de Plnst. Nat. de 
France, 22, 9, 1876, see especially the half schematic drawings PI. 1, fig. 5, PI. 4, 
fig. 20-22 for the general dilatation, and fig. 23 and its explanation for the gradual 
difference between inner and outer part. 

'■■'''':h\.;KiscHA-c.''p./308. 
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explained b}' the assumption of a formation of small meshes in the inner 
zones by the cambium in its first stages, and of large meshes in the outer 
zones afterwards; all observation of the analogous phenomena in recent 
plants however militates against such a view. 

A secondary zone with a cambium at its outer boundary can never be 
subject to dilatation by its own growth; when it shows dilatation this must 
be due to a pressure from within. In such a case the phenomena must be 
greatest in the inner strata, and must gradually diminish towards the 
outside. 

A cambium inside a hollow cylinder on the other hand, even if the 
cylinder were empty, will give rise to dilatation phenomena by the mutual 
pressure which the turgescent cambium elements exert on each other in a 
tangential direction. The consequences of such a dilatation must be strong- 
est in the oldest external strata and gradually diminish, finally disappear, 
in the youngest inner strata. 

Of course the conditions may have been different in the different genera 
and species : yet we may be sure that at least in part of them the secondary 
cork tissue was a transition tissue with addition of new parts at its inner 
boundary. 

II. Secondaryvasculartissue. 

a. Normal formation. The place of origin of the cambium in 
the Lepidophytes, in Spenophyllim, in Botrychium and in Helmintho- 
stachys is directly outside the xylem cylinder, in the form of a continuous 
cambium cylinder; in Sphenophyllum its origin is described as not being 
simultaneous all around, it first parts being formed outside the concave 
metaxylem flanks “). 

In Calamites with its separate primary vascular bundles the cambium 
arises in the bundles right outside the xylem; between these fascicular 
cambium arcs interfascicular arcs are formed completing the cambium 
cylinder. 

In all normal cases dealt with here the cambium forms secondary phloem 
to the outside and secondary xylem to the inside. Only the xylem will be 
considered here. 

We may begin with the remark that in all cases with an exarch primary 
xylem the secondary xylem, abutting on the protoxylem, is sharply 
delimited towards the interior {Lepidodendron) . But in forms witli an 

E. Russow, Vergleichende Untersuchungen betreffend die Histiologie der 
vegetativen und sporenbildenden Organe und die Entwickelung der Sporen der 
Leitbiindel-Kryptogamen, etc. Acad. Imp. d. Sc. St. Petersbourg, 7th ser. 

19, 1, 1872, see p. 1 19. 

“) Van Tieghem, Lc. (f.n. p. 86),. p. 171. 

'®} Scott, Lc. 1920 (in., p. 79), p. 80;, Hirmer l.c. 1927, p. 352; Van Tieghem 
on the, other hand writes that the secondary xylem first appears outside the 
protoxylem (l.c. p. 173). 
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endarch primary xylem there is no sharp limit at all, the metaxylem in- 
sensibly merging into the secondary xylem. 

The activity of the cambium may be homogeneous all around, for 
instance in Lepidodendyon] different parts of the cambium however 
may produce different xylem parts as well. 

In 5;^ the cambium outside the protoxylem always forms 
narrow xylem elements, the cambium outside the metaxylem much wider, 
but otherwise similar, elements. 

In Calamites the fascicular and the interfascicular cambium parts behave 
differently. The fascicular cambium in all cases forms rows of tracheids, 
with small medullary rays in between. 

The interfascicular cambium may either only form parenchyma, 
■constituting therefore a large medullary ray {Arthropitys bistriatci), or it 
may begin with parenchyma formation on which from both sides, the 
tracheid formation encroaches either gradually, or suddenly after some 
time (both conditions in A. communis). In these cases the short cambium 
elements producing the large medullary ray must have been replaced by 
cambium fibres as Scott remarks ; in the mature condition it is very 
remarkable that the radial seriation is not disturbed. It is not improbable 
that this phenomenon was accompanied by a tangential widening of the 
cambium, perhaps in consequence of the elongation of the cambium 
elements ; in this way a dilatation of the large medullary ray, the medullary 
commissure and of the entire medulla was brought about. 

Hirmer at least pictures two transverse section of A. communis of 
different size in which the larger one shows evident signs of dilatation in 
the internal parts of the large medullary rays ^). 


1) Scott, op. c. 1920, p. 25. 

Hirmer op.c. 1927, p. 389. 

Hirmer overrates both the frequency and the amount of this dilatation when 
he supposes (op. c. 1927, p. 392) it to be a general feature of Arthropitys and believes 
it to be correlated with a striking increase of the pith cavity . 

In A . bistriata the whole phenomenon evidently failed (see B. Renault, Bassin 
Houiller et Permien cPAutun et d'Epinac, IV, Flore fossile, 2, Paris 1893™'96, in: 
Etudes des gites mineraux de la France; see especially PI. 45, fig. 1, 3, PI. 46, fig 
2, 3) and in A . comm-unis it may almost have been absent in some cases (ibid. Pi 
48, fig, 2, 6); A. gig as on the other hand perhaps shows slight indications by the 
extension of the parenchyma cells perpendicular to the earliest wood (ibid. PI. 50, 
fig. 2). 

The amount of the dilatation no doubt is exaggerated by Hirmer because he 
bases it on a comparison between morphologically incomparable objects: a strong- 
branch with a great number of stout primary vascular bundles and a large pith 
cavity on one hand, and a weaker branch bn the other hand where everything has 
been laid down on a smaller scale. 

Cf. moreover the related phenomenain in § 3, sub B II. 
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In still other cases the interfascicular cambium of Calamites may form 
only libriform fibres with small medullary rays in hei\Nem [Arthrodendfon) 
or finally it may displa}^ a combination of conditions, in so far as it forms 
some radial plates of libriform, alternating with radial plates of parenchy- 
ma, the latter always occupying the central line of the large medullary 
ray (Calamode^tdvon) . 

About the construction of the secondary xylem only a few remarks may 
be made. In nearly all cases parenchymatic medullary rays are present 
between the seriated tracheary elements, as in the wood of the vSpcrmo- 
phytes. In some Lepidodendra these medullary rays may contain spirally 
or reticulatedly thickened elements, being no doubt ray tracheids like 
those of Pimis. 

It is only in Sphenophylhmi that medullary rays of the common des- 
cription may be lacking. Not in all species: in Sph. insigne thee medullary 
rays are quite normal. In all other species as far as is known, instead of 
medullary rays there is a wholly different arrangement of the parenchyma 
elements. Here we find small vertical strands of narrow and erect paren- 
chyma cells, in the angles between four tracheids; these strands are con- 
nected in some places by small short radial strands of a few procumbent 
cells, not forming continuous rays but discontinued very soon. 

As Sphenophyllum is also remarkable by the fact that the secondary 
tracheids are not only arranged in radial rows but at the same time in 
tangential rows, a renewed investigation seems very desirable. 

The secondary tissue formation in some cases not only occurs in the 
stele, but extends also into the leaf -trace in the cortex; this has been 
observed in Lepidodendron and in Sigillaria, and in the stigmarian rootlets. 
The tissues formed in these cases may even extend to a slight extent into 
the free part of the leaf ; they are of the same kind as in the stele. 

^.Abnormal formation of secondary vascular 
tissue. The case of Isoetes differs from that of all other Pteridopliytes 
in many respects; it has been investigated by several investigators, 
Lang and West and Takeda^) being the most recent authors on the 
topic. 

As Isoetes represents a plant with a very uncommon mode of growth 
and with special adaptations, the homologization of the different parts 
of its stem to those of other plants presents considerable difficulties. 

The cambium originates in an anomalous position, outside the primary 
phloem and gives rise externally to secondary cortex. To the inside layers 
are formed which are usually called the prismatic tissue, described b}’ 
Lang as consisting of parenchyma with tracheids and sieve tubes, consid- 
ered by West and” Takeda to be secondary phloem. 


h Lang, I.c. (p. 73); C. West and H. Takeda, On Isoetes japonica, A. Br., 
Trans. Linn. Soc. London, 2nd ser, 8, Botany, 1915, p. 333, see p, 343. 
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§ 3. Anatomy , of the root., — A. Primary organization^). 

I. E p i d e r m i s. The outer cell layer of the root body is not so well 
■differentiated from the cortex cells as is the case in the stem. It never forms 
a cuticle or stomata. Its root hairs are merely processes of the epidei'mis 
cells; only in Mamttiaceae and m Psaronius are the root hairs multi- 
cellular. 

In the latter genus the densely developed very long hairs of the basal 
part of the roots and of the stem surface give rise to a highly remarkable 
pseudocortex, by beingybraided into a pseudoparenchyma, as has been 
proved especially by Solms-Laubach ^). This unique tissue is formed after 
the leaf fall and forms a thick coating of the stem in which the, roots are 
imbedded ; the more distal parts of the roots do not form this pseudocortex 
and are free . 

II. Cor t e X. The cortex may consist of a uniformly developed pa- 
renchyma, but usually it forms two or three concentric zones differing in 
organization : in many cases an internal cylinder of sclerenchyma is ^lo- 
diiced {mo^ny Polypodiaceae): 

A frequent feature is the development of very large intercellular spaces 
in the inner or in the middle cortex ^) ; these may even fuse into a single 
cavity surrounding the stele. In I soetes whexe the root from the beginning 
is somewhat dorsiventral, the intercellular spaces are biggest on 
the side turned away from the stem furrow. By the fact that, at this 
side and laterally, all intercellular spaces fuse, the stele remains 
attached to the outer cortex only at the furrow side. In Phyllo- 
glossmn the stele in the same way occupies an excentrah position, 


b Special treatments of the root being rare for all plant groups, the works of 
Yan Tieghem lx. 1870/71 (f.n. p. 72) and of G. Poirault, Recherches anatomiques 
sur les Cryptogames vasculaires, Ann. d. sc. nat., 7th ser. 18, 1893, notwithstanding 
their early date may be quoted here; the latter contains an extensive chapter on 
the root (p. 1 14-158) with full quotation of the older literature. 

^) H. Graf zu Solms-Laubach, Der tiefschwarze Psaronius Haidingefi von 
Manebach in Thiiringen, Zeitschr. f. Bot. 3, 1911, p. 721. 

In a recently published preliminary communication (B. Sahni, The roots of 
Psaronius, Intra-cortical or extra-cortical? — A discussion, Current Science 1935, 
p. 555) the author returns to the old view of Stenzel, that this tissue may have 
been secondary cortex, developing pari passu with the roots after the leaves had 
fallen. His arguments as given in the preliminary note are that at the outside of 
the pseudocortex a periderm was developed, and further that in a recent Liliacea 
Asphodelus tenuifolius numerous roots grow down through the cortex of the main 
root, so as to distend the main root very strongly. 

As far as I see at present neither of these facts can invalidate in the least the 
■evidence brought forward by Solms-Laubach. 
b Nageli und Leitgeb, Lc. (f.n. p. 72) p. 82. 
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and after Mettenius is located '*der unteren oder inneren Seite der Wur- 
zel genahert'' ^). 

The inner cortex at its inner side always is limited by an endodermis. 

in. Stele. Between the endodermis and the vascular tissues a pa- 
renchymatic tissue, the pericambium, is found. 

Nageli and Leitgeb 2 ) and later on Van Tieghem s) laid considerable 
stress upon the fact that in Equisetum endodermis and pericambium are 
formed very late during the ontogeny by a cell division of one single cell 
layer; according to them therefore lacks a pericambium and 

only has a double endodermis, of which the outer layer alone forms the 
Casparian strips. This strained conception is not to be accepted ^). 

The vascular tissue in the stele occurs in the form of longitudinal xylem 
and phloem strands, separated by parenchyma. As in the roots of all 
other plants, the protophloem and protoxylem strands are alternately 
arranged in a single series at the outside of the vascular tissue column, all 
xylem and phloem strands being exarch. 

The xylem strands usually consist of a radial plate, extending more or 
less far into the stele towards the centre. In most cases the xylem strands 
extending to the centre meet with their metaxylem, a single large central 
vessel often being present ^). Less frequently the xylem plates being shorter 


a parenchymatic medulla is developed of a smaller or larger ") size. In 
Lycopodhmi the central union of the xylem strands is often less regular, so 
that the transverse section may show a certain likeness to that of a stem 
stele. . 

The number of strands is variable: in Maratiiaceae there are some 10 
to 20 strands of both kinds, in Lycopodium there may be 1 0 or more ; lower 
numbers however are customary, for instance 2 in the Polypodiaceae, 

In Phylloglossum, Selaginella, Isoetes and in some OpMoglossaceae the 
roots only are monarch. Moreover smaller roots in all plants generally have 
lower numbers than big roots. In Lycopodium the last thin roots are 
monarch too. 

IV. Origin of primary organization. The root 

') G. Mettenius, fiber Phylloglossum, Bot. Ztg 25, 1867, p. 97, see p. 99. 

Nageli iind Leitgee, Lc. p. 84, 109. 

Pii. VAN Tieghem, Traite de botanique, 2nd ed. I, Paris 1891, p. 681. 

h ScHOUTE, op.c. 1902/3 (f.n. p. 68), see p. 142. 

See sor instance the specimen of Equisetum pictured by Van Tieghem l.c. 
1870/71 (f.n. p. 72), PL 5, fig. 22. 

®) See sor instance the specimens pictured by Van Tieghem l.c. 1870/71 on PL 
5, fig. 18 (Lastraea) and 27 (Botrychium) . 

h See sor instance the specimens pictured by Van Tieghem l.c. 1870/71, PL 4, 
fig. 11 {Maraiiia)\ a much larger and moreover a fistular pith may be found in 
large specimens oi.Astromyelon^ the root of CalamiteSt the smaller specimens having 
a solid pith or no pith at all. 
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organization to a, large extent is a parallel to that of the stem; the absence 
of leaves however tends to simplify it greatly. As the question whether 
there is a stem xylem and a foliar xylem does not exist here, it is clear that 
the stele as a whole as well as the vascular strands themselves are continued 
acropetally. 

We may ask further how the root tissue systems are first induced. In the 
primar}' root the stele is always a continuation of the stem stele. In dichot- 
omizing roots the stele of the podium bifurcates too; lateral roots and 
roots borne on stems are formed endogenously, immediately outside the 
vascular tissue in the pericambium or in the innermost cortex. So we get 
the impression that the root stele is always a branch of an existing stem or 
root stele, whereas its epidermis may be formed anew in many cases. 

The individual xylem and phloem strands probably are induced by 
existing strands in a previous stele too, with the exception of course of the 
strands in the primary axis and in wholly adventitious roots ; their distri- 
bution however is governed by the additional rule of their mutual 
alternation, and moreover we may be sure that in any stele the number of 
strands is adapted to the available space. This may be deduced from the 
following set of facts. 

In equally dichotomizing roots of Lycopodium the strands of the podium 
are continued in the shanks; in the saddle of the dichotomy some new 
strands arise, probably by bifurcation of existing strands. In such a way a 
root with 8 xylem strands may give rise to two shanks with 5 strands 
each . 

In unequally dichotomizing roots of Lycopodium the course of events 
is described by Van Tieghem as follows ; in a root with six xylem 
strands two neighbour strands split radially into two: the two components 
adjoining the phloem strand in between and this phloem strand itself 
move outwards, the two xylem strands rearranging so as to become op- 
posed; the phloem strand bifurcates too and in such a way a diarch stele 
of the lateral root is formed out of the mother stele which remains hexarch. 

Lateral roots in other Pteridophytes in the case of a low number of 
strands have a fixed orientation of these strands towards the mother root ; 
in the case of diarchy the xylem strands lie transversely, the phloem 
strands longitudinally, the same orientation therefore as in the lateral 
root of Lycopodium just mentioned. 

Exceptions to this rule are very rare: Thomson found that in Marat- 
tia alata the two xylem strands are placed longitudinally, while in An- 
giopteris evecta and Danaea elliptica the same condition was met with 
in some roots, other roots having an oblique position of the xylem plate. 


b Van Tieghem l.c. 1870/71, p. 86. 

2) R. B. Thomson, A seed-plant feature of the root in Mavattiaceae, New 
Phytol. 33, 1934, p. 96. 
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These exceptions are the more remarkable as it has been generally 
acknowledged that in this respect there is an essential difference between 
Ptcridophytcs and Spermophytes, a difference known already to Nageli 
and Leitgeb in 1868 i) and confirmed by Van Tieghem 2), the Spermo- 
phvtes always having a longitudinal xylem plate in diarch lateral roots. 
About the meaning of these exceptions see Thomson in the quoted paper. 

In monarch roots the orientation of the single strand has not been 
described for all cases. In Selaginellathe roots arising from the rhizophore 
tip turn their xylem strand towards the rhizophore centre;^), and in the 
same way dichotomizing roots, deriving their xylem strand from the 
splitting of the single podium strand, rotate their strands 90° so as to have 
them turned towards each other. - 

In Lycopodium the monarch root shanks, when formed by the dichotomy 
of a diarch root, in contrast to Selaginella turn their xylem strands right 
away from each other ^); a monarch root by dichotomizing however 
produces two shanks with facing xylem strands as in Selaginella *') . 

In Isoetes the protoxylem strand is turned towards the weaker cortex 
side and towards the stem furrow ; with respect to the stem it is therefore 
placed laterally. When the roots dichotomize the xylem strand splits too, 
and by a rotation the two strands in the shanks face each other as in the 
former cases ^). 

In monarch roots of Ophioglossum, if I understand correctly the de- 
scriptions given in literature’), the xylem strand is placed laterally. 

The root structure once organized is continued in the root apex. The 
number of xylem and phloem strands however is not invariable in the 
course of the same root: Nageli writes (about roots in general, not 
particularly about those of Pteridophytes) that changes in number are 
absent only when the number of strands is a very small one : “Die Ver- 
anderungen im Langsverlaufe sind um so haufiger, je complicirter der Ban 

ist die Holz-, Bast-, sowie die ganzen Fibrovasalstrange konnen sich 

der Zahl nach vermehren oder vermindern, wobei bald eine Vereinigung 
Oder Theilung, bald auch ein allma.hliges Aufh5ren oder Verschwin den 
beobachtetwird'’ ®). 

B. Secondary tissue formation. 

I. Secondary cork t i s s u e f o r m a t i 0 n. The forma- 

N.\geu und Leitgeb, lx. 1868, (In. p. 72) p. 143. 

Van Tieghem l.c. 1870/71, PI. 3, fig. 5, 6. 

q Nageli und Leitgeb, Lc. 1868, p. 129, 

q Van Tieghem, Lc. 1870/71, p. 88. 

q Nageli und Leitgeb, l.c. 1868, p. 121. 

“) Nageli und Leitgeb, Lc. 1868, p. 134, PL 19, fig. 8- 10. 

') Russow Lc. (In. p. 90), p. 122; Van Tieghem Lc. 1870/71, p. 108; Poirault 
L c. ({.n. p. 93), p. 142. 

s) Nageli Lc. 1858 (f.n. 1 on p. 71), p. 52. > 

■ . ' ' ■ ' ^ . ‘ V 
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tion of secondary cork tissue in Pteridophyte roots is a rather rare phe- 
nomenon. Only the following cases have come to my knowledge: Calamites 
(Astromyelon) ; Sphenophylhim (origin of phellogen in the latter genus in 
the pericambium or the phloem), Botrychimn, Helminihostachys, An- 
giopteris, Marattia (place of origin according to Van Tieghem in these four 
genera the epidermis or the outer cortex layers ^), and also the remarkable 
case of Psayonius described by Sahni ^), where the place of origin of phel- 
logen is the outer layers of the pseudocortex. - 

In all these cases the tissue formed is evidently a suberized periderm. 

IL Secondary vascular tissue. The only cases of 
Pteridophytes producing secondary vascular tissues in their roots, seem to 
be Calamites and Sphenophylhim. 

In Sphenophylhim the secondary xylem is constructed in the same way 
as that in the stem, with radial and tangential seriation of the tracheides 
and with the same anomalous parenchyma distribution. 

In Calamites the origin of the cambium has been excellently observed 
and described by Renault®). From his researches it is clear that the 
cambium was formed as in seed plants, outside the exarch primary xylem 
strands and inside the phloem strands. But whereas in seed plants the 
tissues produced by the cambium towards the inside at first chiefly consist 
of wood inside the phloem strands only, so that the corrugated form of the 
cambium cylinder is flattened out, and whereas outside the xylem strands, 
when the formation sets in, usually a large medullary ray is formed, in 
Astromyelon the cambium cylinder, though either being smooth from the 
beginning or being flattened out very soon, formed its first tracheary parts 
right outside the primary xylem strands and no doubt a medullary ray 
inside the phloem strands. 

As the tracheary parts of the xylem gradually broadened, probably by 
the longitudinal sliding growth of the short cambium cells elongating into 
fibres (see § 2 on p. 91), the cambium was widened and the large medul- 
lary rays were dilatedd). 

This dilatation evidently soon stopped, probably when the large medul- 
lary rays were so much invaded by the tracheary wood formation as to 
leave only small medullary rays ®). The phenomenon itself however is not 
to be doubted in the younger stages; as proofs we may point out the radiat- 
ing parenchyma cell arrangement around the inner primary wood flanges ®) . 


h Van Tieghem, l.c. 1883 (f.n. p. 86), p. 170. 

“) Sahni, Lc. (f.n. p. 93), p. 556. : 

'^) Renault op. c. 1893/"96 (f.n. p. 91). 

^) Renault op.c. PI. 56, fig. 6, reproduced in most text-booEs. 

5) Renault op.c. PI. 53, fig. 2, 5, 6, 7. 

Renault op.c. PI. 56, fig. 6, just quoted, PI. 57, fig. 1. and for the dilatation 
in the lacunar cortex PI. 57, fig. 6. 
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§ 4. Anatomy of the leaf. — A. The microphylL 

I. E p i d e r m i s. The leaf epidermis in most respects is similar to 

that of the stem. As there, the differentiation of its cells may vary ac- 
cording to the kind of underlying tissues ; the epidermis of 

both leaf surfaces may be very different in some cases i); in other cases 
both surfaces may be similar. 

The epidermis forms stomata which in conformity with the scanty 
differentiation of the mesophyll layers may be equally frequent on both 
surfaces {Lycopoduim inundatum, L. Selago and other spp. ^)) . They may 
even be present in such leaf parts where the mesophyll is wanting, in- 
tercellular spaces being present between the epidermis cells {S el aginell a 
leaf margins, very strongly in S. molUceps ^)). In other cases the stomata 
may be localized according to the above rule of correlation with the un- 
derlying tissues: in the terrestrial spp. they are formed only over 

the four large air canals, usually on both leaf surfaces ; in Lepidodendron 
they are restricted to the two furrows on the leaf under surface. 

II. Mesophyll. A mesophyll is always present, al least along the 
midrib; in the marginal parts it may be lacking in rare cases [Selaginella 
spp. ^)). It may consist of a homogeneous tissue {Psilotum) or it may be 
differentiated more or less into different layers ; a regular differentiation 
into a palisade and a spongy chlorenchyma is attained in some Selaginella 
spp. {S.LyalUi, S. concinna ^)), and in Sigillariopsis sulcata ^). 

A development of large intercellular spaces is not rare ; in Isoeies four 
large longitudinal air canals are present, chambered into numeroxis com- 
partments by transverse septa. In the stigmarian rootlet which according 
to the facts related in Ch. I § 1 1 will be taken as a transformed leaf, and 
consequently has to be dealt with here, confluent air-spaces are highly 
developed especially on the lateral and abaxial side, so as to cause the 
stele, with a thin surrounding parenchyma coating, to be suspended on 
small trabeculae near the adaxial side of the tubular outer coi'tex; at the 
rootlet insertion these air-spaces are lacking in a transverse zone of the 
rootlet cushion. At the points of dichotomy of the rootlet the air-spaces 
are evidently also lacking locally, so as to cause the well-known constriction 
of the two shank bases. 


q R. J. Harvey-Gibson, Contributions towards a knowledge of the anatomy of 
the genus Selaginella, Spr. Ill, The leaf, Ann, of Hot. 11, 1897, p. 123, see descrip- 
tion of S. Mctrtensii, p. 130. 

q HegelmaierI.c. 1872 {f.n.p. 67), col. 817-818. 
q Harvey-Gibson, l.c. 1897, p. 151. 

) A. Braun, fiber die Isoetes^Axteix der Insel Sardinien, Monatsber. k. pr. 
Akad. d. Wiss. Berlin a. d. J. IB63, Berlin .1864, p. 554, see p. 587. 

... q p. H. Scott, On the occurrence of Sigillariopsis in the lower coal-mea.sures 
of Britain, Ann. of Bo;k 18, 1904^ p. 519. ' 
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As peculiar tissue strands in some microphylls we may mention the 
parichnos and the transfusion tissue. 

The parichnos occurs in the leaves of Lycopodium inundatimi and some 
other spp. sometimes only in the sporophylls (A. clavatum)] further in 
the Lepidophytes, and in the sporophylls of Isoetes Hystrix ^). 

The parichnos may form either a double strand, situated at both sides 
of the leaf and running parallel to the midrib, or a single strand at the 
abaxial side of the midrib; in Lycopodium Hill stated that the single 
strands originate from the fusion of two original lateral strands. 

In the case of recent plants the parichnos consists of a lysigenous cavity, 
lined b}^ mucilage secreting cells. 

Its longitudinal extension may vary; in the foliage leaves wdiere present 
in Lycopodium y the single strand traverses the whole leaf and extends 
over a certain length into the cortex; in the sporophylls of Lycopodium its 
distal extension is limited, as the single strand does not extend much 
beyond the sporangium; in Tsoetes the double strand is entirely confined 
to the sporophyll base, to the sporangium region; in the Lepidophytes, 
the main part of the parichnos is present as a single strand in the stem 
cortex, from which a double strand extends into the leaf cushion and more 
or less into the leaf base. 

The second peculiar tissue, the transfusion tissue, consists of cellular 
elements with a tracheidal mode of wall thickening, but occurring outside 
the regular xylem. It is met with in the leaves oi Lepidodendron and of 
Sigillaria ^) and further in the stigmarian rootlets. Is is paralleled by all 
authors to the transfusion tissue of Conifers; of course it is not known 
whether it shared the remarkable property of the transfusion tissue of 
Conifers, Gnetum and Cycads, of containing a living protoplast in its cells, 
notwithstanding the tracheid-like wall sculpture. 

In Lepidodendron it surrounded the foliar stele by a homogeneous zone 
of several cell layers ^), in Sigillaria it was specially developed at the ab- 
axial and lateral sides of the stele and evidently consisted of transfusion 
cells, alternating with parenchyma ^) . In the stigmarian rootlets the trans- 
fusion tissue was present in the middle zone of the tubular outer cortex, 
and was connected by delicate strands with the stelar protoxylem ^); as 
Weiss remarks, its presence may be taken as a further argument in favour 
of the view of the homology of stigmarian rootlets and leaves. We might 

T. G. Hill, On the presence of a parichnos in recent plants, Ann. of Bot. 20, 
1906, p. 267. 

“) R. Graham, An anatomical study of the leaves of the Carboniferous Arbores- 
cent Lycopods, Ann. of Bot. 49, 1935, p. 587. 

“) Renault, op.c. 1893/'96 (f.n. p.91), pi. 34, fig. 4-8 (L, esnostense ) ; Scott, op.c. 
1920 (f.n. p. 79), p. 143 (L. Hickii). 

•*) Renault, op.c. 1893/'96, PL 41 fig. 7, 19 (S. spinulosa) , 23 (S. Brardi). 

F. E. Weiss, The vascular branches of Stigmarian rootlets, Ann. of Bot. 16, 
1902, p. 559; 18, 1904, p. 180. 
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add that the position in both categories of organ is essentially the same, 
as soon as we assume that the intercellular spaces in the stigmarian rootlets 
have been formed between the transfusion tissue and the stele. 

III. S t e 1 e. In some cases a stele in the microphyll may be entirely 
lacking [AstBYoxylon] PsilotuM partly). In nearly all cases howevei a stele 
is present, and in simple leaves it almost invariably is a simple stele too ; 
in dichotomously divided leaves there are usually as many steles as there 
are leaf lobes, as the stele dichotomizes too {Sphenofhyllum) ; in some cases 
only the stele may be limited to the unbranched leaf part and remain 
simple {Tmesiptens, sporophyll). 

The stele is not always surrounded by a well-marked endodermis and 
pericambium ; in Equisetum however these tissues are well developed. 

Usually every stele only contains a single vascular strand; wc may 
however have two collateral vascular strands instead, fusing into one 
single strand in the upper part of the leaf [Sigillaria spp.) or in another 
case the vascular strand may be accompanied by two separate lateral xy- 
lem strands , 

The phloem may surround the xylem [Tmesiptens), but usually it is 
located at the under side; sometimes it only occurs in the basal part of the 
leaf, the apical part containing a xylem strand alone [Lycopodium), 

The xylem strand, which is often quite small, is not always clearly 
differentiated into a proto- and a metaxylem. Accordingly the statements 
in literature about the exarch, endarch or mesarch character of the xylem 
often diverge; probably the distinction is not very important fur these 
small bundles. 

IV. Secondary tissue formation. Secondary tissues 
hardly ever occur in microphylls. Cases of secondary cork tissue formation 
have not come to my notice, and the secondary vascular tissue formation 
in leaf bases in connection with secondary growth in leaf-traces is always 
unimportant. 

B. The megaphyll. 

L Epidermis. The epidermis of petioles, rachides and large 
veins resembles more or less the stem epidermis; on the leaf blade the 
epidermis is often more specialized than in microphylls, in agreement witli 
the greater elaboration of the leaf, for instance by undulating cell 
membranes. 

Moreover the epidermis not only forms stomata (lacking in the Hyme- 
nophyUaceae) and numerous hair forms, but it may form other special 
elements too, like spicular cells, a kind of sclerotic cells [Vittavia), nectaries 
(Pteridium a quilinum) and hyddLihodes [Polypodium vulgar e), 

h A polystelic condition in the simple sporophyll stalk of Equisetum is described 
by A. Santschi in Contribution a , Tetude anatomiqiie du systerne vasciilaire 
d* Equisetum, Mem. Soc. vaudoise Sc. nat. 5, 1936, p. 103. 

2) Harvey-Gibson l.c. 1897, (f.n. p. 98), p. 152 {Selaginella Lyallii). 
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II. M e s b p h y 1 1. The mesophyll may be lacking in parts of the leaf 
blade {HymenophyUaceae, Leptopteris, Asplenmm mynophyllum ^)), but 
usually it is present in all leaf parts. 

It may show layers of different organization, in the petiole more re- 
sembling the stem cortex tissues, in the blade often constituting a pahsade 
and a spongy chlorenchyma. 

In Angioptens s-p-p. vein-like structures may be present, the so-called 
venulae recurrent es, being strands of tissue having the structure of the 
leaf-margin and extending from an angle between two leaf teeth inward, 
running between two small true veins. 

Mucilage ducts are present in the mesophyll of Marattiaceae, 

IIL Stele. Owing to the complex character of nearly all Fern leaves 
the steiar structure ma}^ become highly complicated. 

Beginning with leaf forms, such as those of the Coenopterideae with 
their most frequently terete pinnae without any lamina, we may remark 
that in such leaves petiole, rachis and pinnae all have one single stele, a 
stele which is nearly always dorsiventral in the pinnae {Stanropteris ex- 
cepted) but radially symmetrical in petiole and main rachis. The dor- 
siventral pinna steles have a gutter-shaped xylem strand, the convex side 
being turned towards the abaxial side which at the same time is the physi- 
ological underside. The protoxylem strands are to be found either at the 
concave xylem margin, or they are immersed in the metaxylem, ac- 
companied by a parenchyma strand at their adaxial side. 

The union of the pinna-traces to the rachis stele, as Posthumus in 
particular has shown is brought about according to the same principles 
as the union of leaf-traces to the stem stele, the distribution of metaxylem 
and parenchyma notably deing due to the same causes. The peculiar 
spatial relations between the pinnae and the rachis, not being arranged in 
one single plane, find their expression in a peculiar steiar structure in the 
rachis and petiole. 

From these facts I might come to the following theoretical view, in 
harmony with the views expounded above p. 79-85. 

The megaphyll representing a phylogenetically differentiated branch 
system, every branch originally possesses one stele. This branch stele like 
that of the unchanged stem has been reduced into an acropetally formed 
tissue strand without differentiation of its own, but acting as a recipient 
for basipetal stimuli for vascular tissue induction. 

The induction (not the differentiation) of vascular tissue starts from the 
distal ends of all pinnae; according to the spatial distribution of pinnae 
the lowest lateral pinna of the leaf is likely to finish its own branching- 
first, so that it may be the first in which induction begins. 


1) PoiraultLc. (f.n. p. 93), p- 198. 

2) Posthumus Lc. 1924 (f.n. p. 75), p. 170-193. 
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The basipetal inductions give rise to simple protophloem and proto- 
xyiem strands and in their turn act as organizers for the further vascular 
tissues, in the same way as in the stem. 

Turning now to the other ferns with a laminar development, we may 
first consider the simple or compound leaves with an open venation, 
without any commissural veins. For such leaves, of which many instances 
might be enumerated, the above views may be held without any difficulty. 
Petiole, midrib and blade veins are always dorsiventral here, and the 
xylem part of their stele, however complicated in particular cases, can 
always be related to the gutter-shaped strand. An admirable description of 
the stelar structures in pinnae, rachis and petiole has been given by 
Thomae ^). 

The main complication principles of the xylem distribution are: the 
gutter-like strand may have incurved margins; it may close at the adaxial 
side unto a cylinder ; it may show two, lateral inward folds ; it may be 
perforated by numerous gaps not being trace-gaps, so that in a transverse 
section it seems to be broken up into a number of meristeles; finally in the 
Maraitiaceae an internal system is elaborated in the same way as in the 
stem, forming a second cylinder inside which others may be formed, giving 
up to seven concentric cylinders ^). 

■ In the last place we have to consider the leaves in which a reticulate 
venation has been developed by the formation of numerous commissural 
veins. In these cases the stelar structures in the larger veins, in pinnae, 
rachides and petiole are exactly the same as in leaves with an open 
venation, the commissural veins evidently being a secondary complication. 

The whole complex of facts referred to may easily be brought into line 
with the above views. An important fact brought forward by Posthumus 
is that the mode of union of a pinna-trace to a rachis stele may differ 
considerably, according to the casual spatial relations between trace 
strands and rachis stele strands. If the old view of the origin of the trace 
by branching of the rachis strands were correct, we might have expected, 
as PosTHUMUS remarks 2), a more uniform mode of departure of the traces. 

The inner systems of the Maraitiaceae are evidently due to similar 
causes as in the case of the stems: Thomae describes how the strands of 
the inner cylinders, when followed upwards, at the adaxial side successively 
run towards the next outer cylinder, so that acropetally the inner cylinders 
all disappear ®). This may be read inversely as meaning that in any cylinder 
the newly entering strands first fill up the abaxial and lateral sides of the 
stele, and that when the cylinder is filled up, further strands, not finding a 


b K. Thomae, Die Blattstiele der Farne, Jahrb. f. wiss. Bot., 17, 1886, p. 99. 

“) Posthumus l.c. 1924, p. 146.T . - , 

Thomae Lc. p, 1 19 . 
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place in the same cylinder, run inwards at the adaxial side to start a new 
inner c\dinder, 

IV. Secondary tissue formation. In Boirydiium a 
periderm may be present in the petiole bases, in continuation of the stem 
periderm ^). In the same way a periderm and lenticels have been described 
by CosTERUS in Angiopteris and by Potonie in Marattia ^). 

Groningen, May 1936. 

Botanical Laboratory of 
the Government University. 


POSTSCRIPT: The above chapters being already in type, the valuable 
text -book by A. J. Eames on the morphology and anatomy of Pterido- 
phytes appears, dealing to a large extent with the same matter as 
treated above. 

I greatly regret not having been able to use the book in the composition 
of my contribution, as I might have greatly profited by it, and would 
certainly have quoted it in many places. 

Yet, as the scope of the present Manual is quite different from that of a 
textbook, the two treatments of the same field differ so much as not to 
make useless the labour of the second in arrival. 

On many points I am happy to state that my conclusions run parallel to 
those drawn by Eames ; in some points however they are diverging. 

Of the latter category I might mention one single topic, the interpreta- 
tion the Isoefes stock base ^), 

Eames fully realizes the difference between the lobes of Isoetes and the 
stigmarian axes. Taking the latter as a form of specialized stems (for which 
he introduces the term rhizomorph ®)), he follows Fitting in treating the 
stelar arms of Isoetes as their homologon. 

Elaborating this view, Eames concludes that there is a very near relation 
between Pleuromeia and Isoetes, and tries to establish this near relation by 


q Van Tieghem Lc. 1883 (f.ii. p. 86), p. 171. 

2) J. C. CosTERUS, Het wezen der lenticellen, Thesis Utrecht 1875, see p. 35. 

3) H. Potonie, Anatomie der Lenticellen der Marattiaceen, Jahrb. K. bot. 
Garten Berlin, 1, 1881, p. 307. 

A. J. Eames, Morphology of vascular plants. Lower groups [Psilophy talcs to 
Filicales), New York and London, 1936. 
q op. c. p. 355. 

«) op. c, p. 354. As the term rhizomorph might give rise to confusion with rhizo- 
phore, and especially as the term rhizome may be used equally well, the introduc- 
tion of the new term does not seem to be necessary. , 
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tlie supposition that in Pleuromeia up to the present only the fossilized 
stelar arms have been observed and that in the living plants tliese arms, as 
in Isoetes, were buried in a mass of soft cortical tissues which however have 
not been preserved. 

This cannot be granted. The Pleuromeia stem lobes have been found more 
than once in situ, already as early as 1854 by Spieker^), the rootlets 
radiating in the matrix. Moreover Solms-Laubach observed and described 
the stele of these lobes ^). 

On the arguments given above I must therefore hold to my views on both 
Isoetes and Pleuromeia. 

Finally I might make a general remark on the aim and scope of morpho- 
logical botany, in connection with what has been said by Fames on that 
topic in his Preface. 

Morphology being fundamentally descriptive, it may be put according to 
Fames on a broader basis by treating it as a comparative science, in the 
light of evolutionary modification and development. 

So far this will be gladly granted by any biologist. But when Fames 
writes that the establishment of a natural classification is the goal of most 
morphological study to-day, I want to remark that if so, this is not an ideal 
state of things. 

For morphology (including anatomy) being a science in itself, not an 
auxiliary science, its goal should be found in its own field, not outside it. 

When taxonomy is enabled to reach its aims to a larger extent by the aid 
of morphology, this will surely be a great satisfaction for the morphologist ; 
the high aim of morphology itself is however, as far as I can see, to explain 
how a plant, recent or fossil, elaborates or elaborated its structure; to 
determine the laws which are or have been ruling the morphogenetic 
processes in the living protoplasm. 

From this point of view, however imperfectly realized, the above 
chapters have been written. 

Groningen, August 1936. 


h Th. Spieker, Lc. (f. n. p. 62), see p. 1,86.. 

2) Solms-Laubach, l.c. (f. n. p, 34), see p. 228. 
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EXPERIMENTAL MORPHOLOGY 
by 

S. Williams (Glasgow) 

§ 1. Introduction and historical account. — Experimental Morpho- 
logy is a branch of General or Causal Morpholog}^ which seeks by means 
of experiment to provide data for a consideration of problems dealing with 
the factors underlying the normal structure and development of plants. The 
question as to whether it can also contribute to the solution of evolutionary 
problems is an open one which will be discussed later. Such experimental 
data must always be taken in conjunction with the results of wide com- 
parative examination of both the normal development and structure and 
of such deviations from the normal as occur naturally. 

The point of view adopted here is that the individual development to 
the adult structure is “the manifestation of the properties of the specific 
substance under certain conditions'' (Lang, toe. cit.). The investigation of 
the nature and mode of operation of these conditions is the main aim of 
experimental morphology ; the nature of the specific substance (or the 
“spezifische erbliche Struktur" as Klebs terms it) is at present inaccessible 
to experiment so that in the following account its existence will not always 
be stressed although it must be recognised throughout that it is the factor 
of paramount importance. 

It is difficult to give an historical account of the development of this 
branch of morphology for it has shown no orderly development such as has 
characterised phyletic morphology and pure physiology. The problems 
which experimental morphology seeks to solve were already recognised in 
the period of developmental morphology. Hofmeister was the pioneer 
worker in this field as is evidenced in particular by his “Allgemeine Mor- 
phologie", published in 1868 2). There may be mentioned also the works of 

h For the scope of General Morphology see W. H. Lang, Pres. Address to 
Section K, British Assoc,, 1916. 

2) For a critical account of Hofmexster's contributions see Goebel, Wilhelm 
Hofmeister, English Translation, Ray Society, 1926, Chap. y. 
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Lhitgeb, Sachs, Kny, Stahl, Prantl and Klebs to which reference will 
be made later. The onset of the phyletic period, some little time after the 
publication of the “Origin of Species' ^ resulted in causal problems being- 
relegated to the background and relatively few workers have since been 
attracted to them. The pioneer work of Hofmeister was, however, carried 
on and vastly extended by his pupil Goebel, who as Bower i) says 
“extended the study of form from methods of record and comparison to 
questions of causality.” From 1887, when one of the first of his contri- 
butions to experimental morphology appeared, until his death in 1 932, Goe- 
bel contributed greatly to the advancement of this branch of Botany. His 
results and conclusions were included in the three editions of his great 
"Organographie der Pflanzen” and special mention may also be made of 
the “Einleitung in die experimentelle Morphologie der Pflanzen” published 
in 1 908. Lang has also made important contributions to the experimental 
morphology of the Pteridophytes, notably with regard to induced deviations 
from the normal life-cycle. His Presidential Address to the Botanical 
Section of the British Association in 1915 is particularly valuable since it 
gives a dear and critical account of the scope of causal morphology and an 
indication of the importance of experiment in this branch of the science. 

The following account is not intended to be a complete resume of the 
experimental work carried out on the Pteridophytes but is intended rather 
to indicate the nature of the problems and the type of result so far attained. 
So far as the development and structure of the plant is concerned the 
various stages in the life-cycle will be considered in sequence. A separate 
section will deal with the bearing of experimental morphology on evo- 
lutionar}^ problems. 

T h e G a m e t o p h y t e 

§ 2. Factors influencing germination. A considerable amount of 
experimental work has been carried out on the factors influencing the 
germination of Pteridophyte spores. Little is known, however, of these 
factors in the case of the Psilotales zxi6. homosporous Lycopodiales except 
that they require special conditions including the presence of a suitable 
mycorhizic fungus^). So far as the EquisetaUs are concerned, the most 
complete account of germination is that of Buchtien ^). In the presence of 
sufficient moisture and oxygen, germination is most successful in light of 
medium intensity ; it is slowed down somewhat both in darkness and direct 
sunlight. 

b F. 0. Bower, Obituary Notice of Karl Bitter von Goebel, Roy. Soc., 1933. 

") Darnell— Smith (Trans. Roy. Soc. Rdin., Vol. 52, 1917) gives an account 
of various culture methods by means, of which he was able to obtain the germination 
of the spores of P5z7oi!wm. ■ , ' ' 

b Buchtien, O., Bibliotheca Bot., Bd. 11, 1887-89. 
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Little is known concerning the germination of the mycorhizic types of 
Fern prothallus although Campbell was able to obtain the early stages 
of the prothalli of Ophioglossiim pendulum and Botrychium virginianum in 
experimental cultures. The conditions influencing the germination of the 
Leptosporangiate types have, how^ever, been repeatedly examined -). In 
general, apart from the presence of water and oxygen which is always 
essential, the presence of light is necessary and Klebs states that Ptendium 
aquilinum is the only fern of the many he examined which gives general 
germination in the dark. Other Ferns give sporadic germination in the dark 
and it seems probable that all may be induced to do so to a greater or less 
extent by the employment of special cultural conditions, e.g. the spores of 
Osniunda regalis will germinate in the dark when grown on agar to which has 
been added 0.5% Knop’s solution and 0.01% grape sugar. The qualitative 
nature of the light is important and Klebs has showm that, in general, the 
yellow rays stimulate while the blue rays definitely retard germination. 
There is, how^ever, very considerable variation in different Ferns as regards 
the effect of the various spectral regions on germination and Klebs' s work 
should be consulted for an account of this. Temperature is also an important 
factor and although there is again considerable variation the majority of 
Ferns conform to the results obtained by Klebs in Pteris longi folia where 
the minimum temperature for germination is 12*^ C, the optimum between 
25° C and 30° C and the maximum is 40° C. 

The conditions governing the onset of germination are thus variable and, 
so far, there has been no analysis of the mechanism involved beyond the 
suggestion of Klebs that the yellow rays stimulate a photochemical 
reaction in which enzymes are concerned. 

§ 3. Factors influencing the Development and Form of the Pro- 
thallus. — Following germination the development of the gametophyte 
proceeds along diverse paths in the various groups of the Pteridophytes. 
The nature of the factors underlying this further development has been 
investigated in the Equisetales and Filicales but not in the other groups. 

{a) Equisetinae, The development of the gametophyte of EquiseHtm has 
been studied by various writers and particular mention may be made of 
the contributions of Stahl ^), Buchtien (loc. cit.), Ludwigs and Wal- 


q Campbell, D. H., Mosses and Ferns, 1918, p. 234. 

See G. Klebs, Sitz. d. Heidelberger Akad. d. Wiss., 1916 and 1917 and 
J. Stephan, Jahrb. fur wiss. Bot., Bd.70, 1929. Earlier literature is fully quoted here. 

2) E. Stahl, Einfluss der Beleuchtungsrichtung auf die Theilung der Equisetum- 
Sporen, Ber. d. deutschen bot. Gesells., Ill Bd., 1885. 

q K. Ludwigs, Untersuchungen zur Biologie der Equiseten, Flora, N.F. Bd. 
111,1911. 
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KERi). Wlieii placed in water the spores swell while retaining their 
spherical form ; the}^ then divide into two unequal cells, a larger prothalhal 
cell and a smaller lens-shaped rhizoid cell. Stahl investigated the question 
as to whether the position of this first division wall is determined by ex- 
ternal factors such as light and gravity. For this purpose spores of E. variega- 
turn were sown on watery gelatine or on moist filter paper in order to fix the 
spores in position. Gravity was shown to have no effect on the direction of 
the division since spores germinated in a vertical position in the dark 
showed the first wall orientated in all possible directions. Light was, how- 
ever, shown to be the determining factor. Spores subjected to bright 
unilateral illumination showed the division wall constantly placed so that 
the prothailial cell faced towards the light and the rhizoid cell away from it. 
Nienburg has made a cytological investigation of spores germinated in 
unilateral illumination and has shown that the first effect is the aggre- 
gation of the chloroplasts on the illuminated side and that this is then follow- 
ed by the establishment of the nuclear spindle parallel to the rays of light 
and the laying down of the curved wall (Fig. 1, A and B). Nienburg also 
demonstrated that the operative factor is the difference in light intensity 
on the two sides of the spore rather than the direction of the light rays. 

This first division takes place in less than twenty-four hours but Stahl 
found that a constant change in the direction of illumination retards the 
rate of division. In one experiment in which the spores were placed on a 
klinostat through the day and cooled to a little above 0*^ C during the night 
(division would otherwise have proceeded in the absence of light), spores 
were still undivided after five days although a few of them were abnormally 
divided into two equally large cells. Buchtien confirmed this effect of 
bright light on the direction of the first division but also demonstrated that 
weak light does not so operate. The direction of growth of the first rhizoid 
is also to some extent determined by the influence of light. In bright light 
the rhizoid is negatively phototropic but, as various writers have pointed 
out, it is positively phototropic in diffuse light and since this is particularly 
shown when the atmosphere is very moist the possible influence of hydro- 
tropism cannot be excluded. 

The influence of external conditions on the further development of the 
prothalli was also investigated by Buchtien. The young prothalli are very 
■ variable in form, the main factors concerned being light intensity and the 

nature of the medium upon which they are grown. Cultures subjected to 
one hour of direct sunlight each day first develop a filament and then 
proceed to the formation of a flat expanse; this is apparently the normal 
and most su ccessful type. Cultures exposed to direct sunlight throughout 

q E. R. Walker, The Gametophytes of three species of Equisetum, Bot. Gaz., 

Vol. 92, 1931. 

2) W. Nienburg, Die Wirkung des Lichtes auf die Keimung der Equiseiufft- 
Sporen, Ber. d. deutschen bot. Gesells., XLII Bd., 1924. 
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the day omit the filamentous stage and proceed directly to the formation of 
a ceil plate. If grown in a 3% solution of mineral salts the spores divide b}’ 
two walls at right angles to one another and proceed to the formation of a 
bulky cell mass, gorged with starch and often unprovided with rhizoids. In 
weak light, or when the spores are sown thickly, various abnormal develop- 
ments occur usually involving a continuation of the filamentous stage in 
anomalous forms. The filamentous stage may also be retained b^^prothaili 
grown under conditions of poor nutrition, as for instance on sand. 

The mature prothallus is a dorsiventral structure of rather irregular form 
differentiated into a massive basal region poor in chlorophyll and a number 
of distal green lobes. There are few data available as to the factors con- 
ditioning the dorsiventrality, the experiments of Ludwigs (loc. cit.) being 
inconclusive. 

The distribution of the sexual organs has been the subject of much 
discussion. It seems clear from the culture experiments of various workers 
that the prothalli are potentially monoecious but that there is a very close 
relation between nutritional conditions and the type of sexual organ 
produced. Buchtien, Ludwigs and Walker are agreed that crowded 
conditions, or growth on substrata poor in mineral salts, lead to the 
production of depauperate male prothalli. On the other hand favourable 
conditions lead to the production of large prothalli which are either female 
or monoecious. Walker's cultures demonstrate that well nourished pro- 
thalli of E. Kansanum, Telmateja and arvense are normally monoecious but 
that at any one period only antheridia or archegonia are produced; 
archegonia appear first and are later followed by antheridia, the sequence 
being repeated unless a sporophyte is produced. It seems probable that the 
production of archegonia depletes the prothallus of food supplies and that 
the formation of antheridia follows in consequence of this. Such an interpre- 
tation is supported by Buchtien's experiment in which he transferred 
prothalli bearing archegonia from a rich substratum to sand or water and 
obtained the development of antheridia only. It may be noted that the 
reverse operation, i.e. the conversion of male prothalli into larger ones 
bearing archegonia by improving the conditions of growth is, according to 
Ludwigs, achieved only with difficulty. In nature, the crowded sowings 
consequent on the interlocking action of the elaters lead, as observation has 
shown, to the production of some small male pro tballi intermingled with 
larger ones bearing archegonia. Fertilisation may occur at this stage but in 
its absence it would seem probable from Walker's observations that these 
larger prothalli would then produce successive crops of antheridia and ar- 
chegonia until such time as an embryo was produced. 

(6) Filicinae. The development and structure of the cordate type of Fern 
prothallus has been the subject of a considerable volume of experimental 
investigation. A brief outline of this may be given under the headings of (1) 
the factors governing the form of the prothallus, (2) the factors govern- 
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ing the direction of growth of the prothallus and (3) the factors governing 
the origin and position of the sexual organs. 

I . The form of the prothallus is plastic and is readily influenced by a 
number of factors such as the supply of mineral salts, the intensity and 
spectral constitution of the light and variations in temperature. 

The place of emergence of the young gametophyte from the spore, 
whether the latter is of the tetrahedral or the wedge-shaped type, is largely 
governed by the organisation of the spore wall; the wall is split at the apex 
of the triradiate ridges in the former type and along the ridge representing 
the line of contact of the four spores in the latter, i.e. on the side facing the 
interior of the spore group in each case. The early stages of development 
are very variable but the majority of Fern prothalli pass through a fila- 
mentous stage. Klebs (loc. cit.) has shown that the characteristics of this 
stage are influenced by a complex set of factors of which the quantitative 
and qualitative nature of the light are the most important. Working with 
the prothalli of Pieris longifolia, Klebs found that in very weak light the 
prothallus grows out as an undivided tube (similar to the one shown in 
Fig. 1 , G) ; in rather stronger illumination the filament becomes segmented 
by cross walls, the number of such divisions increasing with increasing light 
intensity. Red and yellow light rays retard nuclear division and Klebs 
describes how the nutrition rich spores of Lygodmm gave rise to an undivided 
filament 10 — 12mm long when germinated in red light. Fig. I, G shows 
a similar undivided filament otPteris longifolia. The filamentous stage may 
persist for a considerable period under conditions of feeble illumination or 
illumination by red or yellow rays. In some of the Hymenopljyllaceae the 
filamentous condition is normal for the mature prothallus but, so far as I 
am aware, there are no experimental data available relating to these types. 
On the other hand, the filamentous stage may be omitted, as is normally 
so in the Osmii-ndaceae and Marattiaceae. In Osmunda regalis, for instance, 
Klebs found that even in very weak light or in darkness isolated longitudi- 
nal divisions occur in the filament. 

Normally after the filamentous condition has persisted for a length of 
time varying with the nature of the illumination and temperature, longi- 
tudinal divisions take place in the distal cells of the filament leading to the 
formation of a cell plate. Fig. 1, C-E show prothalli of Pieris longi folia from 
cultures grown in successively more intense illumination. In C, the first 
longitudinal division occurs in the seventh cell of the filament; in D, in 
the fourth cell and in E, in the second cell. The early onset of longitudinal 
division is also stimulated by growth in blue light (Fig. 1, F). Klebs has 
given measurements of the intensities of illumination under which the 
filament passes over to the cell plate condition in a variety of Ferns. This 
intensity varies within very wide Dry opteris Fiiix-nias, for instance, 

forming cell plates at an intensity of only one tenth of that required by 
Aneimia Phyllitidjs* ■ , 
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Fig. 1. a, B, sections through germinating spores of Equisetum fixed after 6 and 12 
hours respectively; direction of unilateral illumination indicated by arrow. C-G, 
prothalli of Pteris longifolia; C-E from cultures grown in successively stronger 
illumination; F, grown in blue light; G, grown, in red light. (X56). HyWoodsia 
ilvensis, prothallus {p) grown in weak light, showing filamentous development with 
terminal antheridia [a). I, Equisetum palustfe and J, E. S chaff neri; pieces of pro- 
thallus showing regenerative growths (XI 4). (A, B, after N^ENBURG^ G--G. after 
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Prantl has shown that the development of the prothallus may be 
arrested at the stage of a cell plate without meristem by cultivation on a 
substratum devoid of nitrates but normally the cell plate soon establishes 
a meristem and divisions in the third direction give rise to the archegonial 
cushion. This further development only takes place if the light intensity 
is sufficiently high (Klebs, Goebel and other writers) and the supply of 
nitrogen adequate (Prantl, loc. cit.). 

The normal adult prothallus thus established may be induced to revert 
to earlier stages by altering the growth conditions. P'or instance. Prantl 
induced adult prothalli of Osmunda regalis to revert to the condition of a 
cell plate without meristem by transferring them from a full culture so- 
lution to one from which nitrogen was omitted. A reduction in the intensity 
of illumination or transference to darkness frequently results in the growing 
out of marginal cells in the form of filaments, e.g. in Woodsia ilvensis 
(Fig.l,i^). 

The above account deals briefly with only a few of the many data ob- 
tained by numerous workers relating to the influence of external conditions 
on the development and form of the Fern prothallus. So far as the cordate 
t3^pe of prothallus is concerned it appears to be established that each 
growth form, in the presence of an adequate supply of water and oxygen, is 
the result of the interaction of a number of factors of wTiich the most 
significant are the quantitative and qualitative nature of the light, the 
supply of mineral salts and temperature. The nature of the mechanism 
intervening between the stimulating factors and the response is, liowever, 
entirely unknowm. 

2. The direction of growTh of the Fern prothallus is determined largely 
by light. The young ceil filament is positively phototropic and negatively 
geotropic (Prantl 2 )), When the filament passes over to the cell plate 
stage, or where a cell plate is formed immediately, the flattened surface 
places itself at right angles to the incident rays of light if the latter are of 
medium or high intensity (Leitgeb ^), Prantl (loc. cit.), Goebel ^) and 
other writers). Hydrotropic and geotropic influences appear to be negligible 
The only known exception to this latter statement is provided by the ear- 
liest stage in the development of the prothallus of Ceratopteris which is 
described by Leitgeb as having its apical cell orientated under the influence 
of gravity so that alternate segments are placed upwards and downwards 
and thus the prothallial surface stands vertically at first although it soon 

q K. Prantl, Beobachtungen Tiber die Ernahrung der Fai'iiprothallien und die 
■ -^Yertheilung der Sexualorgane, Bot. Zeit., 39 Bd., 1881. 

^P"K. Prantl, liber den Einfluss des Lichtes anf die Bilateralitat der L'ampro- 
tliaIIien,-Bot. Zeit., 37 Bd,, 1879. 

q H. Leitgeb, tiber Bilaterialitat der Prothaliien, Flora, 1877; Studien iiber 
V Entwicldung der' Fame, Der Sitz. d. k. Akad. d. wiss. Wien, LXXX Bd., 1879. 

q K. Goebel,. Qrga ^ der Pflanzeny^Dritte Aufl., Erster Teil, p. 601. 
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takes up a positiort at right angles to the incident rays. The adult prothal- 
lus in most Ferns is also diaphototropic in light of medium or high in- 
tensity. 

The rhizoids of the prothallus are negatively phototropic but are not 
• influenced by gravity. 

3. The production of the sexual organs and the position of these on the 
prothallus depend on the working of a number of interrelated factors. The 
antheridia are produced very early in the development of the prothallus 
and they may appear almost immediately after the germination of the 
spore, particularly in examples where the spores are rich in food material. 
As pointed out above, the development of the prothallus may be arrested 
at the filamentous stage or at the a-meristic cell plate stage by unfavourable 
conditions of illumination or food supply and such arrested prothalli are 
without exception purely male. The antheridia are not localised as regards 
their position on the prothallus and the influence of external conditions 
only appears in so far as that superficial antheridia are found on the shade 
side of the prothallus. 

Archegonia are only found on relatively older prothalli and their ap- 
pearance is correlated with the establishment of a meristem and the 
formation of a thickened cushion, developments which, as pointed out 
above, depend on a suitable light intensity and other factors. Nutritional 
factors are obviously important but the question as to whether an increased 
ratio of carbohydrates to mineral salts is effective as a stimulus to fertility 
has not been investigated . 

’ The position of the archegonia is determined by the position of the cushion 
and this is dependent on the direction of the incident light rays. The cushion 
with its rhizoids is always formed on the shaded side of the prothallus and 
consequently the archegonia are also found in this position. This dorsiven- 
trality of the prothallus can be reversed as Leitgeb, Prantl and other 
workers have shown by a series of experiments on a large variety of Ferns. 
One or two of Leitgeb's experiments may be briefly described. Prothalli of 
Ceratopteris floating on culture solution were illuminated from below. 
There was a complete reversal of the dorsiventrality, archegonia and 
rhizoids appearing on the previously dorsal side and the production of 
these structures completely ceasing on the previously ventral surface. In 
another experiment spores of Matteuccia Struthioptefis were sown inside a 
clay cylinder suitably moistened and plugged at the top, the illumination 
being solely from belowL The prothalli grew horizontally and in all of them 
the lower surface was developed as the morphological upper surface devoid 
of archegonia and rhizoids. It is clear from the numerous experiments 
which have been described that the bilaterality of the prothallus is 

q Cf. p. 130, where the factors governing. the fertility of the sporophyte are 
discussed. 
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determined by the direction of the illumination when the latter is of 
medium or liigh intensity, Leitgeb failed, however, to induce the formation 
of archegonia on both sides of the prothallus, or alternatively their inhibition 
on both sides, by growing prothalli on a klinostat and thus illuminating 
them equally from all sides; such prothalli still showed the normal dorsi- 
ventral structure, possibly, as Leitgeb pointed out, owing to slight 
inequalities of illumination. In very weak illumination isobilateral pnjthalli 
may arise; Prantl (loc. cit., 1879) mentions that prothalli of Polypod iiini 
vtdgare growing in weak light produced archegonia on both sides and At- 
kinson found archegonia on both sides of prothalli of Pleris serriilaia 
which were crowded and growing almost perpendicularly so that they were 
illuminated from both sides. 

§ 4. Regeneration of the Prothallus. — The prothalli of the Pterido 
phytes, so far as they have been investigated, possess considerable powers 
of regeneration. No data relating to the gametophytes of the Psilotales and 
Lycopodiales are, however, available. 

In Eqiiisetum, Ludwigs (loc. cit., p. 434) has demonstrated that isolated 
portions of prothallus tissue will give rise to regenerative growths "which 
ultimately become detached as self supporting prothalli (Fig. 1 , /, /). Wal- 
ker has also noted that when prothalli degenerate any cell or group of 
cells may divide actively and give rise to new lobes. 

In the Filicales the only type of prothallus which has been investigated 
as regards regenerative capacity is the cordate type. The experiments of 
Stance -), Heim '"*) and Goebel ^) all indicate that virtually every cell of 
the cordate type of prothallus is capable of regenerative activit}-". A few 
examples of the experimental results relating to this may be described. 
Goebel states that if a prothallus is cut through longitudinally so as to 
damage the apex and remove a lobe a new growing point is established. The 
activity of the latter leads to the production of a new lobe so that tlie 
anterior portion of the prothallus again becomes cordate; the posterior 
portion of the damaged prothallus is not, however, restored. In a similar 
experiment, Heim confirmed this result and, for the prothalli of Osmunda 
regalis and Doodia caudata, added the fact that adventitious prothalli were 
produced on the older parts. In another of Heim's experiments the pro- 
thalli were cut through transversely; the anterior portion with the apex 
continued its growth in normal fashion while the basal region gave rise to 
numerous adventitious prothalli. Removal of the growing point also led to 
the production of adventitious prothalli, as many as twenty or thirty being 
formed on a single prothallus. Finally it may be mentioned that if prothalli 

h Biology of Ferns, 1894, p. 13. 

h Stat liber die Sitz. d. Gesell. fu,r Bot. zii Hamburg, 1886. 

q C. Heim, Untersuchungen iiber Farnprothallien, Flora, 82 Bd., 1896. 
q K. Goebel, Organography of Plants, Part 1, p. 43,. 
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are cut into small pieces each of these is capable of producing adventitious 
protlialli or, if it includes a portion of the apical region, of growing on into 
a normal prothallus. 

The production of adventitious prothalli thus appears to be correlated 
with a removal of the influences exercised by the apex. Experimental 
removal of the apex leads to their development from any region of the 
prothallus, while in undamaged prothalli they are formed only on the older 
basal regions which presumably are no longer influenced by the growing- 
point. 

§ 5. Fertilisation. — Although the physiology of reproduction hardly 
falls to be considered in this chapter a brief account may be given of the 
experiments conducted by various workers on the nature of the attraction 
exerted by Pteridophyte archegonia upon the corresponding sperms '•■). A 
convenient method for investigating this was elaborated by Pfeffer. He 
used glass capillaries 0.1— 0.15 mm in diameter, 10— 15 cm long and sealed 
at one end. These were filled with a 0. 1 % aqueous solution of the substance 
to be investigated. The open ends of the capillaries were then dipped into 
water containing the motile sperms and the entrance or non-entrance of the 
latter noted under the microscope. By this method Pfeffer determined 
that the sperms of Ferns 2 ind Selaginella are attracted by malic acid. Shi- 
BATA, by similar means, has shown that the sperms of Isoetes, Eqiiisehmt 
zxid Salvinia are also attracted by malic acid. Bruchmann found that the 
sperms of Lycopodium clavatum are attracted by citric acid and some of its. 
salts. So far as I am aware, there is no information regarding the nature of 
the attraction in the Ophioglossaceae or in the Psilotales. 

T h e S p o r o p h y t e 

§ 6. Embryology. — The factors governing the development of the 
fertilised egg inside the Pteridophyte archegonium have been the subject 
of much discussion but they have not, except in a few instances, been 
subjected to experimental analysis. An interesting account of this subject, 
mainly based an a wide comparative survey of the embryology of the 
various Archegoniate groups, has recently been given by Bower ^). 
Suggestions are made here regarding the nature of the factors concerned, 
reference being made to the possible influence of external factors such as 
light and gravity, and internal ones such as pressure exerted upon the egg 
by the archegonial wall and the directive influence of the prothallial food 
supply. 

q A convenient summary of these together with a full citation of the literature 
is given by Bruchmann, Von der Chemotaxis der Lycopodium-S-peimsitozoiden, 
Flora, 99 Bd., 1909, p. 193. 

q F. O. Bower, Primitive Land Plants, 1935, Chapter XXVI. 
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So far as the Psiloiales , Equisetales and Lycopodiales are concerned there 
is a complete absence of experimental data relating to the causes under- 
lying the various embryological developments exhibited by these groups. 

The embryology of the Ferns has attracted more attention but even here 
experiment has been confined to Marsilia and a few of the higher Lepto- 
sporangiate types. 

Leitgeb was able to demonstrate the influence of gravity on the 
orientation of the first segmental wall of the embryo of Marsilia. Mega- 
spores were fixed to wax plates so that they could be orientated at will; 
these were then fertilised by the addition of microspores and thereafter 
microscopic examination was made of the resultant embryos. The first 
segmental wall was constantly found to include the archegonial axis, but, 
except when the latter was vertical, gravity influenced the plane of the wall 
so that the embryo was always divided into an upward facing half, giving 
rise to stem and leaf, and a downward facing half giving the foot and root. 
The megaspores normally lie horizontally so that the orientation of this 
first wall under the influence of gravity gives a suitable placing of the 
primary organs of the embryo for the avoidance of awkward curvatures in 
their further development. 

So far as the higher Leptosporangiate Ferns are concerned, Heinricher^) 
and Leitgeb (loc. cit., 1879) have shown that the orientation of the basal 
wall, which constantly includes the archegonial axis, and the disposition of 
the primary organs of the embryo are entirely independent of the influence 
of light and gravity, being conditioned entirely by internal factors. For 
instance, embryos arising from archegonia produced on the upper side of 
the prothallus under the influence of illumination from below show the 
normal disposition of parts, as do also embryos produced on prothalii 
rotated on a klinostat. It seems clear that the important factor is the po- 
sition of the fertilised egg in the venter of the archegonium in relation to the 
apex of the prothallus. A further analysis of the working of this factor has 
not been attempted. 

§7. Factors underlying Variations in External Form. — Very 
little experimental work has been carried out with regard to the factors 
underlying the manifold variations in external form exhibited by the 
Pteridophytes. These differences are due fundamentally to differences in 
the ''specific substance”. There is nevertheless some possibility of exami- 
ning the nature of the internal and external factors which, by acting upon 
this inherited constitution, influence external form. The problems are 
perhaps mo st easily formulated in relation to such genera as Selaginella, 

h H. Lewu?eb, Ziir Embryologie der Fame, Sitz. d. k. Akad. d. wiss. Wien 
LXXVII, lb78. 

“) E. Heinricher, Beeinflusst das Licht die Organanlage am Farnembryo?, 
Mitt. a. d. bot. Inst, zu Graz, Jena, 1888, 
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Lycopodium and Equisetum where the differences between the various 
species are readily recognisable as variants upon a clearly defined plan of 
construction, but even here relatively little progress has been made. 

In the genus Selaginella the main difference in form is that between the 
radial type and the much more prevalent type showing dorsiventrality 
accompanied by anisopliylly. The difference in organisation between the S. 
spinulosa tyy)e and the dorsiventral type is a profound one and there is no 
indication that experiment can help to explain it. So far as the dorsiventral 
species are concerned, however, the specific differences are all variations 
on a common plan. The essential unit is a branching together with its angle 
meristems. Differences in tropistic behaviour and morphological develop- 
ment of these units in different regions of the plant give the varying 
configuration of the different species. There are, as yet, very few data 
relating to the factors underlying these various developments but the 
experiments of various workers have indicated the equipotentiality of 
these units in all parts of the plant. The presence of a system of correlating 
influences may be inferred but this system has not been subjected to 
further analysis. 

The problem presented by the factors underlying the onset of anisophylly 
is, however, more easily attacked. The majority of the anisophyllous 
species show little, if any, plasticity in their response to external factors 
and the anisophylly once established in the ontogeny cannot be altered. 
Goebel/) has established the fact, however, that a few species exhibit a 
relatively high degree of plasticity and this is particularly so in 5. san- 
guinolenta. In this latter species anisophyllous shoots become isophyllous if 
grown in darkness. When grown in the light, the form and arrangement of 
the leaves varies according as to whether the plant is grown in a dry or a 
wet situation; in the former the shoots are isophyllous, in the latter aniso- 
phyllous to a varying degree. Thus various factors, not fully analysed, 
underlie the anisophyllous condition of this species. The importance of 
light in influencing the onset of anisophylly is also indicated by Goebel's 
experiments with plants of 5. caracensis grown from bulbils . When grown 
in the dark these are isophyllous but when grown in the light they become 
anisophyllous. The presence of light rather than its direction is the im- 
portant factor, for plants grown in the light on a klinostat so that they were 
equally illuminated on all sides, still developed the anisophyllous condition. 

Although the influence of external conditions can thus be demonstrated 
in these two species, anisophylly depends in the majority of the forms 
investigated on interna] factors. 

It may be mentioned here that in Lycopodium complanaUim the aniso- 
phyllous condition is also dependent on the influence of light and shoots 


q K. Goebel, Organ, der Pflanzen, Dritte Aufl., Erster Teil, p. 333. 
q Ibid. p. 618. 
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grown ill the dark, as in Goebel’s experiments^), show a radial con- 
struction. 

Specific differences within the genus Equisetmn depend largely on the 
differential development of the shoot and root rudiments present at each 
node of the plant. These differences are mainly inherited characters but 
experiment has shown that most species possess a certain degree of 
plasticity which throws some light on the normal construction. 

The diageotropic rhizome is characterised by the absence of chlorophyll, 
by the growing out of the root rudiments and by the dormancy of the 
majority of the lateral buds. Ludwigs (loc. cit.) has shown that in E. limo- 
sum the apex of such a rhizome can be induced to grow on as a typical 
aerial shoot. On the other hand, axillary buds on aerial shoots, which would 
normally grow out as aerial branches, may be induced to form rhizomes. In 
Ludwig’s experiments with cuttings the majority of the buds at a node 
grew out as aerial shoots but one or more of the buds developed as typical 
rhizomes. It is clear, therefore, that there is no essential difference between 
the subterranean parts of the axis and those which are aerial. 

The various species show differences in the degree of development of the 
side shoots on their aerial axes. The lateral buds may remain more or less 
dormant, as in E. limosum and hiemaU, while in others, e.g. E. arvense, all 
the lateral shoots develop and themselves exhibit further branching. The 
difference between the two types depends on internal factors but it is 
possible to induce the development of branching in the E. Hmostmi type by 
cutting off the apex of the shoot. It may be assumed that the poteiitialities 
of the aerial axes are the same in all species but that internal correlating 
factors lead to the differential developments which give rise to specific 
distinctions. 

Further specific differences are afforded by the characters of the fertile 
as compared with those of the sterile shoots. The essential morphological 
structure is the same in both and experiment has shown that they possess 
similar potentialities of development even when the realisation of these is 
restricted by the operation of internal factors. For instance the normally 
unbranched and yellow-green fertile shoots of F. arvense- and Telmatcja may 
be induced by culture in a moist chamber to produce green lateral shoots 
and thus approach to the structure of the sterile axes (Ludwigs, loc. cit.). 

So far as I am aware, little experimental work has been carried out on the 
other groups of Pteridophyta. In the Filicales the only data refer to the 
conformation of sporeling leaves. Goebel ^) has shown that if sporelings 
\vhose latest formed leaves have attained to the pinnate condition are 
placed under unfavourable conditions of growth the next formed leaves 
show a regression in complexity of form and are similar to the primary 
leaves. The conclusion is drawn that the primary leaves are potentially 
Ibid. 

-) K. Goebel, Organography of Plants, Eng. Edit., Ft, 1, p. 152. 
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similar to adult leaves but that they are arrested at an early stage of their 
development. Goebel was also able to induce regression in leaf form in 
Ceratopteris by culturing isolated stem apices. The first leaves produced by 
the isolated tips were of the juvenile type and Goebel was able to show 
that the degree of regression was correlated with the age of the plant used 
for the experiment. There was probably, as in the previous experiment, a 
correlation between the amount of nutrition available and the form of leaf 
produced. 

§ 8. Correlation of Parts. The phenomenon of correlation, that is, 
to use Goebel's definition, 'The reciprocal influence of organs upon one 
another", is demonstrated in many of the experimental results recorded in 
this chapter and it need not be considered in any detail here. There may 
be instanced as clear examples of this correlation the growing on of axillary 
buds in Boirychium as a result of decapitation or damage to the stem apex, 
the increased formation of root borne buds following damage to the stem 
apex of Ophioglosstm and the growing out of lateral branches on the aerial 
axes of Eqtiisettim limostim following the removal of the tip. These and 
many other examples all indicate the existence of a system of correlating 
influences in every plant. So far as the Pteridophy tes are concerned nothing 
is knowm of these influences beyond the observed results of their activity. 
Recent discoveries relating to the activity of plant hormones ‘^) indicate, 
however, the possibility of analysing, at least in part, the nature of the 
mechanism involved in correlation phenomena. 

§ 9. Factors influencing the Vascular System. — The stress laid on 
vascular construction in discussions of phyletic problems lends a special 
interest to attempts to investigate the factors influencing this. Two closely 
inter-related problems require to be considered, viz, {a) the nature of the 
factors leading to the differentiation of vascular tissue and {b) the nature 
of the factors underlying the distribution of vascular tissue. 

(a.) Factors underlying the differentiation of vascular tissue. Various 
suggestions have been made as to the nature of the factors influencing the 
differentiation of vascular tissue^) and these have been conveniently 
summarised by Lang as follows : 1 . functional stimuli, 2. the inductive 
influence of older preformed parts on the developing region and 3. formative 
stimuli of unknown nature proceeding from the developing region, Lang 

q K. Goebel, Experimentelle Morphologie, p. 20. 

‘q See R. Snow, Growth- Regulators in Plants, New Phyt., VoL XXXI, 1932 for 
an account of these. 

“) Investigations have been concerned almost exelusively with the differentiation 
of xylem elements, the phloem and other tissues being ignored, possibly on account 
of the difficulty of recognising them in the earlier stages of their development. 

q W. H. Lang, Pres. Address, Brit, Assoc., Section K, 1915. 
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pointed out, however, that the functional stimuli do not come into play at 
the time of the laying down of the vascular tract, though they may have 
importance for their maintenance later; also that the inductive influence 
of older parts cannot be operative in relation to the vascular system of 
embryos. The importance of formative stimuli of unknown nature pro- 
ceeding from the developing region was therefore stressed. 

One or two examples of experimental work relating to this question may 
be described. Lang (loc. cit., p. 10) injured or destroyed the apices of young 
plants of Osmunda regalis and as a result branching was induced in some of 
these. In relation to these branchings a vascular connection was established 
backwards with the adaxial face of the subtending leaf-trace. Comparable 
results to these were obtained in Lycopodium S el ago where damage to the 
apex results in the development of adventitious axillary buds (Fig. 2, A). In 
these latter the first vascular tissue to be differentiated is a basal mass of 
tracheidal cells; then follows, in relation to the establishment of a stem 
apex, the formation of the procambial strand of the bud. Finally there is a 
backward differentiation of a chain of tracheidal cells to make contact with 
the trace of the subtending leaf. These two examples may be correlated 
with what has been observed in ^'natural experiments” in Botrychmm and 
Helminthostachys. These plants possess dormant axillary buds which are at 
first devoid of vascular tissue and are without influence on the vascular 
strand of the main shoot. Such buds may be stimulated to further develop- 
ment by damage to the apex of the plant and in the course of this they 
differentiate vascular tissue within themselves and then exert a backward 
influence through the permanent tissue of the cortex, leading to the 
formation of a branch trace which makes contact with the adaxial face of 
the subtending leaf-trace. In Helminthostachys the main stele is also in- 
fluenced to the extent of forming more xylem both behind and before the 
place of insertion of the branch. 

The production 6f tracheides in examples of induced apogamy, particu- 
larly in those examples where isolated sporophy tic organs or tissues are 
produced by the prothallus, are of interest in relation to the problem under 
consideration. The fullest account of the oceurrence of such tracheides is 
that of Lang and the facts mentioned here are taken from this memoir. 

^PP^^^ 2 .nce of tracheides is constantly associated with the develop- 
ment of apogamous buds and isolated sporophytic organs such as roots and 
sporangia (Fig. 6, 5); they also occur in relation to the indeterminate 
sporophytic structures known as “middle shoots”. Finally it may be 
mentioned that tracheides were observed in outgrowths from archegonial 


h S. Williams, A Contribution to the Experimental Morphology of Lycopodium 
Selago, Trans. Roy. Soc. Edin., Vol. LVII, 1933. 

") W . H. Lang, On Apogamy and the Development of Sporangia upon Fern 
Prothalli, Phil. Trans, Roy. Soc., Ser. B, Vol. 190, 1898. 
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projections which were mainly gametophytic in nature and even in regions 
of the prothaiius showing no modification in external form. 

This development of tracheides in such a variety of circumstances makes 
it difficult to identify the factors underlying their appearance. Apart from 
the last mentioned examples, however, it would appear possible that the 
establishment of a sporophytic apex or of an unorganisated sporophytic 
meristem is the necessary prelude to the development of vascular tissue. It 
is clear, however, that these examples of anomalous tracheide formation 
provide little or no help towards the solution of the problem presented by 
normal vascular differentiation, except, perhaps, support for the view that 
sporophytic meristems produce formative substances inducing the de- 
velopment of vascular tissue. 

The above described experiments, and particularly those relating to the 
normal sporophyte, point fairly clearly to “the reality of influences pro- 
ceeding backwards from developing structures'', these influences leading 
to the differentiation of vascular tissue. The nature of this influence, or 
formative substance,' is, however, entirely unknown. By its action, some 
parenchymatous cells are induced to alter their metabolism so that 
lignification of the wall and the other processes involved in the formation 
of a tracheide are set in train ; others are induced to form phloem elements 
while still others remain unaffected as parenchyma. This differential action 
of the formative substance raises a difficult problem to the solution of 
which no approach has yet been made. 

il) Factors underlying the Distribution of Vascular Tissue. 

The differentiation of vascular strands proceeds along definite tracts and 
it is necessary to consider the nature of the directive factors concerned. One 
of the examples which illustrates the problem most simply is that afforded 
by the vascular arrangements in relation to the axillary buds of BotrycMiim 
described above. Here there is the establishment of a vascular connection 
through the cortical tissue backwards to the subtending leaf-trace. There 
may be related to this and similar examples the facts derived from experi- 
ments carried out on various Angiosperms and particularly those in 
which the formation of vascular bridges following the severance of bundles 
has been studied. With regard to these latter it has been shown that the 
new vascular connections differentiate from the basal ends of severed 
bundles and proceed downwards towards upper severed ends. It is obvious 
that here, as in the experiments on Pteridophytes, there is not merely a 
formative influence at work but that this, or some other factor, is directive 
in its action. Simon has suggested that the directive influence is a water 
gradient, the new vascular tissue forming first in tissues depleted of water 
and proceeding to those with an adequate supply. Such an explanation 

q See D, Thoday, Some Physiological Aspects of Differentiation, New. Phyt., 
Vol. XXXII, 1933, where recent literature is cited and briefly discussed. 
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might be applied to the formation of vascular connections in the Pterido- 
])hytes mentioned above. Nevertheless, the problem cannot be regarded as 

solved and many more experimental data are required. 

The nature 0*^1 the factors underlying the varied stelar arrangements 
presented by the Pteridophytes presents an even more difficult problem 
than the relatively simple instances just considered. 1 he normal progression 
in stelar structure which occurs in the ontogeny of the more advanced 
Leptosporangiate Ferns clearly indicates the nature of the problem and the 
difficulties involved. At successive stages the apex lays down a protostele, 
a solenostele and a dictyostele. As Lang has pointed out, these changes are 
determined in the region between the apical meristem and the fully differ- 
entiated region behind, a region which has been little studied even from 

the purely morphological 
aspect and one which is 
difficult to investigate by 
experiment. The influence 
of the leaf-traces appears 
to be one of the factors 
concerned but it seems 
highly probable that a 
complex system of factors 
is operative in the forma- 
tive region. 

Bower ^) , on the basis 
of wide comparison, has 
stressed the importance of 
the Size-Factor. This is de- 
scribed as a “morphoplastic 
factor'', connoting “that 
influence which tends to 
secure by modification of 
FiCx. 2. A, longitudinal section of decapitated plant porm a due levelling Up of 
of T wo as, axillary adventitious buds. ^ r ^ , 

(x 18). B, C, Deparia Aspidium) Moofei, trans- 

verse sections of stem in starved region (B) and nor- bulk as the Size increases." 

raal region (C) (x Belief eUa Lyallii; D,So far as the stele is con- 

continued growth of distal branch laid m a horizon- i i • . 

tal position; t?,, apex which grew oh as a rhizome; kerned the important ratios 

e.s., erect stem; r, root. ( X 8). P, transverse section are those betw^een endo- 

of rhizome stele; xyleih, black; endodermis. plain i i „riH ^tplar 

line. F, transverse section of erect stem. (£, F, x Suriace and SlClar 

(5, C, after Thompson; jD-F, after W^ARDLAW). bulk and between xylic 

surface and xylic bulk. The 
deal effect of increasing size on the form of the stele has been amply de- 
monstrated by Bower (loc. cit.) and cannot be further discussed here ; nor 



L. 0. Bower, Size and Form in Plants, 1930. 
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can the difficulties involved in the analysis of the mechanism of this 
factor be entered into. The only experimental data relating to the incidence 
of the Size-Factor are provided by starvation experiments. Mettenius 
has shown for Angiopteris and Thompson iov Deparia {Aspidmm sp.) 
that starvation leads to a diminution in the size of the stem and that 
there is a simplifi- cation of stelar structure in relation to this. In the 
latter example for instance, the normal stele is dictyostelic, the diameter 
of the stele being 2.35 mm, while the stele in the diminished starved region 
is solenostelic with a diameter of 1.16 mm. (Fig. 2, B and C). Such ex- 
periments indicate the plasticity of the stele and the possibility of further 
experimental investigation of the operation of the Size-Factor. 

Finally a brief reference may be made to the stelar structure of Selagi- 
nella Lyallii since it gives some indication of the effect of external con- 
ditions on the form of the stele. The rhizome of this plant possesses a 
solenostele but the upright growing branches are dialystelic (Fig. 2, E and 
F). It has been shown by Bruchmann and Ward law that if the tip of 
an erect branch is laid down horizontally on the soil the apex grows on as a 
rhizome which becomes solenostelic (Fig. 2, D). The change of position has 
some effect, not further analysed, on the apex and region of differentiation 
behind it so that a complete ring of vascular tissue is formed rather than a 
number of discrete strands. The operation of the Size-Factor in this 
example has been discussed by Wardlaw (loc. cit.). 

It is clear that a large amount of experimental work, properly correlated 
with the results of comparative morphology, will have to be carried out 
before further progress can be made in the recognition and analysis of the 
factors influencing the vascular system. 

§ 10. Organs of Indeterminate Nature. — An interesting field of 
inquiry which lends itself to experimental investigation is that dealing 
with the morphological nature of the various so-called indeterminate 
organs which occur in the Pteridophy tes and particularly in the Lycopodia- 
les. The most interesting of these are the rhizophores of Selaginella, the 
bulbils of Lycopodium spp. and the protocorm developed by the embryos of 
some species of the latter genus. These may be considered in turn. 

The problem presented by the morphological nature of the rhizophore 
has been the subject of repeated discussion ever since the introduction of 
the term ''Wurzeltrager’/ by Nageli and Leitgeb. The historical aspect of 

q Mettenius, Abhandl. Konigl. Sachs. Ges. d. Wiss., VI. 

J. McL. Thompson, The Anatomy and Affinity of Deparia Moorei Hook., 
Trans. Roy. Soc. Edin., Vol. L, 19,16. ' 

q H. Bruchmann, Von den Vegetationsorganen der Lyallii Spring, 

Flora, Bd. 99, 1909. 

q C. W. Wardlaw, The Vascular System of Selaginella, Trans. Roy. Soc. Edin., 
Vol. LI V, 1925. 
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this discussion need not be entered into nor can the evidence derived from 
the normal morphology be discussed. The bearing of experimental work 
upon this subject is, however, important and may be briefly reviewed. The 
main interest lies in experiments which demonstrate potentialities of the 
rhizophore for developments other than the normal. It has been shown by 
numerous workers, including Bruchman i), Behrens 2) and Williams 
that rhizophore rudiments can be induced artificially to grow out as- 
normal leafy shoots, A few such experiments may be described. Bruch- 
man n was able by growing plants of Selaginella Kraussiana in the open air 
from the Summer on till Autumn to induce the production of strobili on 
every shoot tip, thus bringing vegetative development to a close. When 
such plants were brought into more favourable growth conditions, all the 
rhizophore rudiments in the more distal branchings grew out as vegetative 
shoots. In this example the interruption of vegetative growth by the 
formation of cones appears to be the stimulus resulting in the transfor- 
mation of rhizophore rudiments into shoots. S. grandis shows a similar 
transformation in the distal cone bearing branchings and the presence of 
“middle shoots'* is a normal feature of this species. Bruchmann has also 
described experiments on sporelings of S. Kraussiana in which he was able 
to induce the transformation of the first formed rhizophores into shoots. 
The sporelings normally produce three basal rhizophores. If the stem apex, 
of an embryo is damaged the first rhizophore rudiment becomes converted 
into a shoot (Fig.d, A), while if the hypocotyls of older sporelings are cut 
across the rudiments of the second and third rhizophores show a similar 
transformation (Fig. 3, .B, C). Experiments with S, grandis haye demon- 
strated similar potentialities of the rhizophore rudiments of adult shoots. 
If branchings, not including an apex, are laid down on moist sand, the 
rhizophore rudiments grow out as anisophyllous shoots (Fig. 3, Z), E). 

In all these experiments the stimulus which causes the rhizophore rudi- 
ment to develop as a leafy shoot is the interruption of vegetative growth, 
either as a result of cone formation, or of the cutting off of stem apices. The 
mechanism of this stimulus is not understood but an investigation of the 
activity of hormones in Selaginella might lead to interesting results. It is 
clear that the meristem constantly produced in the branch angles of many 
Selaginella spp., and which normally gives rise to a rhizophore, is at its 
inception indifferent in nature. When removed from the influence of 
vegetative shoot apices it always develops as a shoot. No full argument 
can be entered into as to the bearing of these facts on the problem presented 
by the morp hological nature of the rhizophore but it may be briefly stated 

H. Bruchmann, Von den Wurzeltragern der Selaginella Kra^issiana A.Br., 
Flora, 95 Bd., 1905. 

Behrens, J., Ueber Regeneration bei den Selaginellen, Flora, 84 Bd., 1897. 

S. Williams, An Analysis of the Vegetative Organs of Selaginella grandis 
Moore. Trans. Roy. Soc. Edin., Vol. LVII, 1931. 
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that they support the view that the rhizophore is an organ of indifferent 
nature, standing, as Goebel says, '‘between root and shoot"'. 

Another structure about the morphological nature of which there has 
been considerable dis- 

A 


cussion is the vegetative 
propagative organ found 
in some species of Lyco- 
podium, e.g. L. Selago and 
liicidulimiy known as the 
bulbil. This has been re- 
garded on purely morpho- 
logical grounds as being a 
transformed sporangium, 
an arrested shank of a 
dichotomy, a lateral 
branch or a modified leaf. 

This last interpretation is 
supported by the facts 
that the bulbils stand in 
the place of leaves in the 
phyllo tactic spiral and 
that their vascular supply 

is similar to the leaf trace _ ^ . c 7 • r. 

. - . Pig. 3. A-C, sporelmgs 01 Selaginella Kvaussiana 

in anatomical construe Lion showing transformation of rhizophore rudiments into 
and in its relation to the shoots; wt 1 , 2 and 3, rhizophores; /o hypocotyl. 

axial stele. Experiments D.E Selaginella 

^ transformation of rhizophore rudiments into shoots ; 

on L. have shown al, scar of angle-leaf; s, scar of excised lateral bud. 

that if shoots of young ix Z). F, Lycopodium Selago, longitudinal section of 

decapitated plant showing leaf rudiments 
panib ^ are aecdpiidiea foi-nUng regenerative buds, ( x 30). G, H, Phyllo- 
iinmediately below the glossum; G, isolated leaf with adventitious tuber 
aoex the VOUll*^ leaf rudi- ^ ^ transverse section of leaf showing primary 

ments are induced to form 
regenerative buds (Fig. 3, 

F) . This experimental demonstration of the transformation of a leaf rudi- 
ment into a bud adds to the likelihood of the correctness of the view 
that the bulbil is really a modified leaf. 

Finally there may be considered that curious organ produced in the 
ontogeny of certain species of Lycopodium, the protocorm. The morpholo- 
gical interpretation of this structure is extremely difficult and it has been 
regarded either as a primitive organ preceding in evolutionary origin true 
roots or as a mere biological adaptation of no great morphological signific- 



cell masses. ( X 30). (A-C, after Bruchmann; G, H, 
after Osborn). 


S. Williams, A Contribution to the Experimental Morphology of Lycopodium 
Selago, Trans. Roy. Soc. Edin., Vol. LVII, 1933. 
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aiice ^). Additional data for the consideration of this problem have been 
provided by experimental work on Phylloglossum ^), Lycopodium S el ago 
and by “natural experiments’ 'observed by Holloway in L. ramiilosnm. 
All these experiments concern the formation of adventitious buds on roots, 
stems or leaves of the plants named. Such buds arise from the proliferation 
of epidermal, or occasionally sub-epidermal, cells and there is formed in the 
early stages of their development a “primary cell mass”, composed of 
parenchyma which in most of the examples (but not in L. Selago) produces 
rhizoids (Fig. 3, E and Fig. 4, D, E). Protophylls are then frequently 
developed by the cell mass and finally the stem apex of the adventitious 
bud is differentiated. Holloway pointed out with reference to L, ramnlo- 
sum that the parenchymatous swellings produced in the formation of these 
buds are similar in all essentials to the protocorms of sexually produced 
plants. Osborn has also stated that the primary cell mass which precedes 
the development of adventitious tubers on detached leaves of Phylloglos- 
sum is exactly comparable to the protocorm of Lycopodium spp. in 
developmental history and in function. This correspondence also holds, 
though perhaps not so closely, for the primary cell masses produced in the 
regenerative activity of L. 

The experimental results thus indicate that the homosporous Lycopods 
tend to show the development of a large parenchymatous mass, frequently 
bearing idiizoids and protophylls, before they proceed further with the 
differentiation of the organs of adventitious buds ; this mass is comparable 
in structure and function to the protocorm of sexually produced sporelings. 
It is not intended to enter into any discussion of the significance of the 
protocorm. Such parenchymatous swellings, whether produced by the 
normal embryo of some species or by adventitious buds, are clearly of 
considerable biological importance as primary storage and absorptive or- 
gans. The biological importance of the protocorm does not, however, 
necessarily militate against the idea that it is a primitive structure of 
importance in a consideration of the evolutionary origin of plant organs. 

§ 11. Regeneration. — All that is attempted here is a brief survey of 
selected examples of regeneration phenomena recorded in the various 
• groups of the Pteridophytes. No attempt will be made to apply these data 
to the general problems of regeneration such as the nature of the factors 

q See F. O. Bower, Primitive Land Plants, p. 272 et seq., and VV, H. Lang, On 
Old Red Sandstone Plants, Trans. Roy. Soc. Edin., Vol. LII, p. 620 and p. 845 for 
recent discussions of this question.- 

■^} r. G. B. Osborn, Some Observations on the Tuber of Phylloglossum, Ann. 
Bot., Vol. XXXIII, 1919. 

q S. Williams, loc. cit,, 

Holloway, J. E. Studies in the New Zealand Species of the Genus Lycopo- 
dium, Trans. New Zeal. Inst., Vol. XLIX. 1916. 
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influencing the character and position of the regenerative growths, the 
problems relating to the p)olarity of the plant, and the nature of the 
factors underlying correlation phenomena. A consideration of these would 
be too lengthy and would necessarily involve a consideration of groups 
other than the Pteridophytes. 

1. Psilotinae.^o examples of regeneration are recorded in this group. 

2. Lycopodiinae. 

[a) Ly cop odimn Sdago. Experiments with bulbils and young plants 
grown from these show that regenerative growths may be induced to form 
on isolated bulbil leaves, on the stem and on partiall}^ isolated foliage 
leaves. In the examples 
of regeneration from 
leaves epidermal prolifer- 
ations occur near the base 
of the adaxial surface 
and these eventually be- 
come differentiated as 
buds. Regenerative de- 
velopments were obtained 
on the stem by decapi- 
tating at various levels 
behind the apex. When 
decapitation was effected 
immediately^ below the 
apex leaf rudiments were 
involved in the formation 
of the adventitious buds 
(Fig. 3, F and Fig. 4, A) 
but decapitation at lower 
levels resulted in epi- 
dermal, and sometimes 
cortical, proliferations 
which formed cell masses, 
sometimes bearing proto- 
phylls, before proceeding 
to the differentiation of 
the stem apex (Fig. 4, 

B-F). The significance of 
these facts has been dis- 
cussed above in the section 
on indeterminate organs. 

[h) L. inundatum. Goe- 
bel states that isolated 

first leaves of sporelings are capable of producing adventitious buds. 


Fig. 4. Development of adventitious buds by plants 
oi Lycopodium Selago grown from bulbils. .4, re- 
generative shoot (rs) developed from leaf rudi- 
ment; s, scar of stem apex, (x 7). B, formation 
of bud in axil of leaf below a transverse incision ; 
ab, bud. ( X 1 J). C, decapitated plant showing two 
adventitious buds of epidermaT origin {ab). ( „ : 7). 
D, E, stages in development of primary cell mass 
(X 250). F, adventitious bud in longitudinal 
section; a, apex ; prpcambial strand; r, first 
root. ( X 60). 
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(t’) Pkylloglossmn, Osborn (loc. cit.) has described the regeneration of 
new tubers on detached leaves. When such leaves are laid down on moist 
soil, one or several epidermal cells near the proximal end on the abaxial 
surface proliferate to form a primary cell mass (Fig. 3, H). From a growing 
point differentiated on this cell mass a tuber develops which resembles that 
formed by the normal plant (Fig. 3, G). The results obtained were applied 
to the problems presented by the tuber and the protocorm. Osborn con- 
cluded that the primary cell mass is homologous to the protocorm and that 
the tuber is an entirely different structure of great biological value to the 
plant but having little morphological significance. 

{d) Selaginella . Many experiments have been carried out with reference 
to the regenerative ability of the various organs of Selaginella, Many of 
these have been concerned with the potentialities of the angle meristems 
which normally produce rhizophores. As pointed out in the section dealing 
with the nature of the rhizophore, these angle meristems and also young 
rhizophores developed from them are capable of being transformed into 
shoots, so that any length of stem which includes a branching where both 
rudiments have not formed mature rhizophores is capable of giving rise to a 
regenerative shoot. Regeneration of the shoot may also be accomplished by 
the “growing through'' of isolated cones (Fig. 5, C, D). Regeneration of the 
root system may also be induced. If a rhizophore bearing roots or root 
rudiments is decapitated callus formation and the production of new roots 
ensues. It is not usually possible, however, to induce the formation of roots 
other than in relation to rhizophores but Bruchmann was able to induce 
root formation at the base of short lengths of stem of S. Kranssiana w^hich 
did not include a branching. 

{e) Isoetes-). Solms-Laubach w^as able to induce the formation of 
adventitious buds in Isoetes lacustre and I. Duriei, The tuberous stocks 
were cut in half longitudinally and the apical regions removed. i\fter 
periods varying from six to twelve months adventitious buds appeared in a 
relatively small number of examples. The morphological relations WT'rc 
complicated and the exact origin of the newr growing points was not 
established. Active proliferation of cortical tissues was also observed. The 
facts relating to the adventitious buds were applied by Solms-Laubagh to 
the problem presented by various abnormal specimens found under natural 
conditions. 

3. Equisetinae^), — The development of true adventitious structures has 
not been recorded in Eqmsetum. LiJmNiGS endeavoured to induce regener- 
ation from isolated internodes of a number of species but entirely without 
success. On the other hand, the normal construction of the nodes, pos- 

b See S. Williams, (loc. cit., 1931), where the literature is cited. 

“) vSolms-Laubach, Isoetes lacustris, seine Verzweigung usw., Bot. Zeit., 1902, 
p. 179. 

3) K. Ludwigs, loc. cit. 
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sessing as they do the rudiments of buds and roots, makes it theoretically 
possible for any node under favourable conditions to regenerate a complete 
plant with roots, rhizomes and aerial stems. The experiments of Ludwigs 
showed that it is difficult to induce this development in some species but in 
others, e.g. E. Schaffneri, limosum and arvense, such a result is easily 
achieved. Similar experiments have been' carried out by Praeger ^). 

4. Filicinae. — [a) Ophioglosstim^), Buds are normally formed close to 
the apex of a few roots of each plant but more prolific bud formation may 
be induced by cutting off the stem apex. Isolated root tips, or any other 
portion of a root, are capable of producing regenerative buds. 

{b) Mar attiaceae ^). Goebel states that the stipules remain fresh and 
succulent after the fronds have fallen and adventitious buds may be 
produced by them. 

(c) Polypodmm spp. ^). Regeneration of the leaf tip has been recorded by 
Goebel. The tip of the frond was slit longitudinally and branching ensued. 
Pinnae developed on the side facing the slit on the newly formed regions 
but no regeneration occurred on the older part of the cut surface. Figdor 
obtained similar results with the fronds of Phyllitis Scolopendrimn ^). 

(d) Cysiopteris spp. ®). Heinricher obtained the development of adven- 
titious buds on isolated basal parts of the fronds of Cysiopteris montana, 
fragilis, alpina emd. bulbifera. Such buds appear in varying numbers on the 
adaxial surface of the petiole and Palisa ’^) later demonstrated that they 
arise from the proliferation of epidermal ceils whose position is not pre- 
determined. Heinricher has also demonstrated that the isolated lower 
leaves of bulbils will give rise to adventitious buds. 

{e) Diplaziuni esculenhim and Platycerium spp. ^). The tips of isolated 
roots of these Ferns are capable of direct transformation into buds. 

(/) Sporelings, and particularly their leaves, are easily induced to pro- 
duce adventitious regenerative structures. Goebel was able to obtain 
the development of adventitious buds on the isolated primary leaves of a 
number of Ferns and in Ceratopteris he was able in addition to obtain 


R. L. Praeger, Propagation from Aerial Shoots in Equisetum , ] omn. of Bot., 
Vol. LXXII, 1934. 

^) K. Goebel, Organ, der Pflanzen, 3 AufL, 2 Teil, p. 1221. 

K. Goebel, Organ, of Plants, Eng. Edit., Pt. 1, p. 46. 

K. Goebel, Einleitung in die experimentelle Morpliologie, p. 215. 

2) Figdor, Uber Regeneration der Blattspreite bei Scolopendrium, Ber. d. deut- 
schen bot. GeselL, Bd. XXIV, 1906. 

®) E. Heinricher, Nachtrager zii meiner Studie hber die Regenerationsfahigkeit 
dex Cystoptcris-ATten, Ber. d. deutsch. bot, GeselL Bd. 18, 1900. 

’) J. Palisa, Regenerationsknospen etc., Ber. d. deutsch. bot. GeselL, Bd. 18, 
1900. 

Goebel, K., Organ, of Plants, Eng. Edit., Pt. II, p. 227. 

K. Goebel, Einleitung etc., p. 197 et seq. 

Manual of Pteridolog)'' 
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similar buds on tlie stem. In this last example the stem apex was removed 
and this resulted in the formation of an adventitious bud which carried on 
the growth of the axis. 

§ 12. Factors underlying the Production of Sporangia. — - The 
factors underlying the incidence of fertility have been investigated to some 
small extent in the Ferns but not in the other groups of Pteridophytes. 
Goebel has put forward the view that the production of sporangia depends 
upon nutritional factors and in particular on the accumulation of a large 
supply of carbohydrates and the raising to a high level of the ratio between 
organic and inorganic substances in the plant. The following experiments 
and “natural experiments'' are put forward in favour of this view ^). Ex- 
periments with Matieuccia Stmthiopteris and Onoclca sensibilis gave the fol- 
lowing result. When the sterile leaves w^ere removed from the annual crown 
at a time when the sporophylls were still at the earliest stage of development 
the latter developed as sterile foliage leaves or as structures showing inter- 
mediate characters between these and the sporophylls (Fig. 5, E). Goebel 

suggests that the removal 
of the sterile fronds leads 
to the sporophyll rudi- 
ments being provided with 
more inorganic and less 
organic foodstuffs than 
they would receive under 
normal conditions. Such a 
lowering of the ratio be- 
tween organic and inor- 
ganic materials would lead 
on Goebel's view to an 
interference with the onset 
of fertility, Goebel has 

also noted that plants of 
Fig. 5. a B. Equisetum cones “graving Ruta-mwana 

through as vegetative shoots; 5, transition forms ^ . 

between sporangiophores and foliage leaves. {x3). growing in a habitat poor 
C, D, proliferating cones. ( X 3). in mineral supplies but 

E, MatteiicciaStruthiopteriSytTond.shovrm^chdiiQuCtQr?, .j. r 

intermediate between those of a sporophyll and a Provdmg very favourable 
sterile foliage leaf. {A, B and E, after Goebel), conditions for photos^m- 

thesis produce sporangia 
very early in their ontogeny. A comparable example is provided by the 
adventititous buds of Asplenium spp. which also become fertile at an early 
stage. In this example the cause of the early onset of fertility may be the 
fact that such buds receive abundant organic supplies from the parent plant, 

M K. Goebel, Einleitung in die experimentelle Morphologic, p. 9 and p. 65. 
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The importance of the supply of organic foodstuffs is thus clear but more 
precise experimental work is required. The adventitious buds last mention- 
ed would appear to supply favourable experimental material. 

The production of sporangia on prothalli (Fig. 6, A, B) has been regarded 
by Goebel as an extreme example of “Friihreife'' but nothing is known 
concerning the factors underlying this curious phenomenon. 

§ 13. Experiments bearing on the Morphology of Sporophylls 
and Sporangiophores. ■ — ^ Conclusions as to the morphologicar nature of 
sporophylls must be based in the main on the results of wide comparison 
but experiments provide useful supplementary data. So far as the Lyco- 
po diales are concerned the only available experimental data relate to the 
"'growing through"' of the cones of Selaginella spp. which has been induced 
by various workers including Bruchmann, Behrens and Williams. When 
detached cones are laid down on moist soil, or when the ends of fertile 
shoots are pinned down without removal from the plant, the apex of the 
cone grows on to produce an anisophyllous shoot whose structure is similar 
to that of the vegetative part of the plant (Fig. 5, C, D). Abortive sporangia 
are found at the junction of the cone and the new shoot. The experiment 
shows that there is no fundamental difference between the sporophylls and 
the foliage leaves. 

The only experimental work on the Ferns is that of Goebel on Onoclea 
spp. mentioned above. These experiments show that if the foliage leaves 
are removed the rudiments of the sporophylls are capable of developing 
into vegetative fronds. The homology of the vegetative and fertile fronds is 
thus demonstrated. 

The morphology of the sporangiophores found in some of the microphyi- 
lous types has been the subject of much discussion but little experimental 
work has been carried out in relation to this problem. So far as I am aware, 
the only recorded experiments are those of Goebel and Ludwigs (loc. 
cit.). The former was able to induce young cones borne on side shoots of 
EquiseUmi Telmateja to become “vergrunte” and grow on as vegetative 
shoots (Fig. S, A, B), These artificially induced deviations from the normal 
exhibit all stages of transition between sporangiophores and foliage leaves 
and Goebel concludes that these structures are homologous. Bower 2) 
points out, however, that the fossil evidence is against this view but a full 
discussion of the morphology of the cone of the Equisetinae cannot be 
entered into here since any conclusions must be based on a wide compara- 
tive treatment of living and fossil forms as well as on such few experimental 
data as are available. 


h K. Goebel, Organ, der Pflanzen, 3 AnfL, 2 Teil, p. 1240. 
'^) F. O. Bower, Primitive Land Plants, p. 191 et seq. 
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§ 14. Deviations from the Normal Life-cycle. — The factors under- 
lying the rhythm of the normal life-cycle are as yet entirely obscure and it 
may at once be admitted that the experimental work outlined above, 
illuminating as it does something of the causal morphology of isolated 
stages in the life-history, provides no data for a solution of this major 
problem. It might have been expected that a study of deviations from the 
normal life-history would be helpful in relation to this but, as Lang points 
out : ''So far, however, though numerous cases of these deviations from the 
normal development have been studied, they have only added to our 
knowledge of alternative processes of development that can be described 
but as little explained as the normal development."' In spite of the truth of 
this general statement the experimental work which has been carried out in 
relation to the study of apogamy and apospory has yielded interesting 
results, some of which may be summarised here. All the available data 
relate to the Ferns, the other groups of Pteridophytes not having been 
subjected to experimental investigation. 

{a) Apogamy, — In some species and varieties of Ferns apogamy is 
apparently obligatory, being due to the inherited constitution of the plant. 
On the other hand there have been described many instances of apogamous 
development which occur in Ferns whose prothalli are capable of bearing 
sexually produced embryos. Such instances may be spoken of as induced 
apogamy although the nature of the factors underlying their appearance 
are as yet but little understood. The experiments of Lang indicated that 
the prevention of fertilisation by avoiding watering the prothalli from 
above is the most significant factor leading to apogamous developments. 
Under these conditions various apogamous growths were obtained including 
the production of apogamous buds, of isolated sporophytic organs and 
appendages such as roots, sporangia (Fig. 6, A, B), and ramenta, and of 
isolated sporophytic tissues such as tracheides. Culture experiments carried 
out by other workers also indicate that the failure of normal fertilisation is a 
factor predisposing prothalli to the production of apogamous growths. The 
literature relating to this has been summarised by Brown ^). Other con- 
ditions have been suggested as stimulating apogamous development such 
as culture in bright light, culture at higher temperatures than the normal 
the lowering of the vitality of the prothalli by fungal and algal attack and 

h W. H. Lang, On Apogamy and the Development of Sporangia upon Fern 
Prothalli, Phil. Trans Roy. Soc. London, Ser. B., Vol. 190, 1898. 

') E. D. W. Brown, Apogamy in Phegopteris polypodioides, Bull. Torrey Bot. 
Club, Vol. 50, 1923. 

The value of the experiments of Nathansohn (Ueber Parthenogenesis bei 
Mavsilia, Ber. d. bot. Gesell., Bd. 18, 1900), indicating that the tendency of spores 
to form apogamous embryos is increased by growing them at a higher temperature 
than the normal, is largely vitiated by the cytological facts as disclosed by Stras- 

BURGER. 
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the failure to produce functional sexual organs under various unfavourable 
conditions of nutrition. For instance, in Brown's experiments with Phe- 
gopteris polypodioides and other Ferns the prothalli were grown on liquid 
media. In full culture solutions normal sporophytes were formed; in 
modified solutions from which one or more of the essential mineral elements 
were omitted, the sexual organs either failed to develop or were non- 
functional and in re- 
lation to this apoga- 
mous developments 
ensued. 

It is therefore fairly 
clear that the failure 
of normal fertilisation 
is an important factor 
influencing the inci- 
dence of apogamy but 
no further analysis of 
the mechanism in- 
volved has been at- 
tempted. The pre- 
vention of fertilisation 
does not, however, 
always lead to the ap- 
pearance of apogamy. 

In many Ferns old un- 
fertilised prothalli 
merely show an in- 
crease in size, the pro- 
duction of adven- 
titious prothalli and 
peculiar developments 
of the sexual organs. 

There may be in- 
stanced the experi- 
ments of Mother 
in which prothalli of 
Matt end a Stnithiopte- 

ris 'dnd Osman da regalis w^ere grown under conditions preventing fertil- 
isation for a period of eight years. The prothalli formed large '‘clones" 
approximating in size to plants of Marchmttia Sind continued to produce 
sexual organs, archegonia in favourable and antheridia in unfavourable 
growth periods. No apogamous developments were, however, observed. It 




Fig. 6. Prothalli of PhylUUs Scolopendviuni var. 
A, longitudinal section of a prothallus with two 
sporangial groups {sp) developed in succession. 
( X 60). By sporangia and tracheides (^f). { X 300). 
(After Lang). 


h D. M. Mottier, Development of Sex Organs of Fern Prothallia under Pro- 
longed Cultivation, Bot. Gaz., Vol. 92, 1931. 
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is clear tlierefore that in addition to the presence of external factors favour- 
ing apogamous developments there must also be internal factors concerned, 
possibly in the nature of an inherent susceptibility due to an anomalous 
nuclear composition. 

The position of apogamous growths upon the prothallus is very varied. 
In examples of direct apogamy the apogamous bud normally arises from 
the cushion and Leitgeb has shown experimentally that in the majority 
of examples the apogamous shoot stands in the position of an arcliegonium 
and is likewise influenced as regards its position by the effect of light. Some 
of Leitgeb's results may be briefly described. Experiments on the prothalli 
of Pieris creiica SiYid Polystichum falcatum, where apogamy is obligatory, 
showed that the apogamous shoot always arises on the shade side of the 
prothallus. If a prothallus with an apogamous shoot already developed on 
the ventral side is illuminated from below there does not usually follow the 
production of a second shoot on the now shaded upper surface since the 
production of the first shoot has a similar effect to the formation of a 
sexually produced embryo in inhibiting the further apical growth of the 
prothallus. If, however, the reversal of illumination is carried out when the 
first apogamous shoot is at a very early stage of development then the 
further development of the shoot is arrested and a second shoot appears on 
the now shaded upper surface 2). Only very rarely did Leitgeb succeed in 
inducing the development of shoots on both sides of the prothallus but a 
few examples were obtained when the first shoot had reached a middle 
grade of development at the time when the reversal of illumination w^as 
effected. Leitgeb also carried out experiments designed to induce the 
distribution of the primary organs of a shoot on the two prothallial surfaces, 
and was able in Pteris cretica to produce examples where the apogamous 
shoot had its stem apex and the first and second leaves in the normal po- 
sition on the ventral surface but with the first root growing out from the 
dorsal surface. The facts are not clear but it seems probable that the 
origin of the root was still normally related to the other shoot parts on the 
ventral surface and that the illumination from below had resulted in the 
root exhibiting negative phototropism and breaking through to the dorsal 
surface. 

It is thus clear that light is an important factor in determining the 
position of apogamous shoots in these examples of direct apogamy. Their 
relationship to the establishment of the prothallial meristem and the 
formation of a cushion appears to be strictly comparable to that exhibited 
by the archegonia on a normal prothallus. The examples of induced 

b H. Leitgeb, Die Sprossbildung an apogamen Farnprothallieii, Her. d. deutsch. 
Lot. Gesells., Bd. Ill, 1885. 

*') This sequence of events may give the false impression that the organs of one 
shoot are distributed on the two sides of the prothallus, as in examples described 
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apogamy in which isolated sporophytic organs and tissues are produced 
present, however, great difficulty in any attempt to analyse the factors 
influencing the place of their origin and, in the absence of further data, no 
useful purpose would be achieved by further discussion. 

(b) Apospory. — Repeated attempts to induce apospory from the leaves 
of adult Ferns have so far been unsuccessful and Bower states that 
‘There appears to be a marked disability in the adult leaf for bridging over 
the limit between the generations in any other way than by spores.'' On the 
other hand, various workers have found it possible to induce aposporous 
developments from the 


leaves of sporelings. 

An extensive series of 
experiments was carried 
out by Goebel in which 
detached juvenile leaves 
of various Ferns were laid 
down on moist soil. Vari- 
ous regenerative growths 
were obtained, including 
sporophytic buds, apospo- 
rously produced prothalli 
and structures designated 
by Goebel as “Mittelbil- 
dungen". The develop- 
ment of aposporous pro- 
thalli from primary leaves 
of Pteris longi folia is shown 
in fig. 7, D and E ; similar 
prothalli were obtained 
in the case of other Ferns. 

The production of „Mit- 
telbildungen" was ob- Fig. 7. A, -pTothallus of Phyllitis Scolopendnumvar.; 

served in Alsopuia Van sporangia;^, apogamous bud ( X 6) 

.. , _ . B, 6, aposporous growths irom leaves ot bud ot 

Geertn (rig. 7, F) and in Osmunda regalis; pr, 'prothBllus. {B, x 4) C, x 6). 
Ceratopteris thalictroides E> primary leaves of Pieris longifolia; D, prothalli 

(Fie 7 Gi These stnietnreq from petiole; E, origin of prothalli from epi- 

^ ^ ^ dermis. F,-pnmsiVYlecLioi Alsophila Van Geertny‘Mit- 

show partly garnet Qphy tic telbildungen" growing out from tip of leaf; Spa, 
characters such as the primary leaf of 

presence of antheridia and 
rhizoids and the absence 
of intercellular spaces, and partly sporophytic characters such as the 



Ceratopteris; Sp, stoma ; 

Lang : D~G, 


A, antheridia. (A-C, after 
after Goebel). 


y K. Goebel, Exper. -morph. Mitteilungen, Sitz. d. math.-pliys. Klasse d. Kgl. 
Bayer. Akad. d. Wiss., Atiinchen 1907. 
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presence of stomata and, in some examples, the development of vascular 
tissue. 

In the above described experiments of Goebel the development of* 
adventitious growths is clearly correlated with the isolation of the juvenile 
leaves from the plant. Lang i) has, however, succeeded in inducing the 
formation of aposporous prothalli from juvenile leaves of Osmunda regalis 
still attached to the parent plant. Fig. 7, B, C indicate the nature of the 
aposporous developments, which, along with other deviations from the 
normal, occurred on the buds developed by a plant whose apex had been 
damaged. Fig. 7. C shows one of these buds bearing two leaves, the right 
hand one of \¥hich consists of a cylindrical dark green stalk expanding 
upwards and terminating in a prothallus bearing sexual organs. Fig. 7, B 
shows a leaf from another bud where only one of the two lobes has become 
prothalloid. Such aposporous prothalli will, if laid down on soil, develop 
normally and produce sporophytes which show no tendency to aposporous 
development. 

As pointed out in the first paragraph of this section, such induced 
deviations from the normal merely add “to our knowledge of alternative 
processes of development” and have, as yet, contributed little to the 
solution of the general problem presented by the normal sequence of the 
life-cycle. They may indeed be regarded as mere abnormalities devoid of 
any significant bearing on this problem ^). Nevertheless, the study of the 
factors underlying the production of isolated sporophytic organs on pro- 
thalli ma}^ reasonably be expected to throw some light on the factors 
underlying the production of these structures in their normal position. 
Goebel has also pointed out that the variable nature of the regenerative 
growths from detached juvenile leaves offers the possibility of analysing 
the factors leading to the development of sporophytic shoots on tlie one 
hand and prothalli on the other No experimental work along these lines has 
yet been carried out but Goebel suggests that the conditions under which 
the leaf has been grown prior to its detachment may be an important 
factor.' ^ 

Evolutionary Problems 

§ 15. The Mechanism of Evolution. — The only contribution which 
experiment can make to the investigation of the mechanism of evolution 
lies in the province of genetics, which is in fact a special branch of ex- 
perimental morphology. As this subject is dealt with elsewhere in this book, 
it will not be further mentioned here. 


W. H. Lang, On Some Deviations from tlie Normal Morphology of the Shoot 
in Osmtinda regalis, Mem. and Proc. Manchester Lit. and Phil. Soc., 1924. 

2) See F. O. Bower, Primitive Land Plants, p. 495. 
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\ aiKj 15 . The Course of Evolution. — The question as to whether experi- 
lo\‘nt can provide data useful for a consideration of evolutionary problems 
IS than open one. It has frequently been stated that “experiment cannot 
'^ci^onstruct history’' but this statement would appear to be true only in a 
Sfliited sense. It is possible, as has been shown above, to induce inan}^ 
de reiviations from the normal structure of the plant. Any one of these 
f'%dations may in point of fact represent a normal feature of some previous 
-rv\)lutionary stage of the plant and, if it does, then experiment will have 
^ Reconstructed history in respect of that feature. The difficulty lies, however 
i in deciding which of the deviations, if any, does represent an earlier phase 
i pi the development of the plant under consideration. If, however, palaeo- 
jbotanical data and the results of comparative morphology are taken in 
icon] unction with the data derived from experiment, than it may be found 
khat the latter will form a useful contribution to a probable solution of 
j evolutionary problems. 

(i?.) Phyletic Problems, It has to be admitted that experiment has so far 
:: I provided very few data of service in the consideration of ph^detic problems. 

’ A few examples which will illustrate the possibilities and limitations of such 
experimental contributions may be considered. 

As described above (p. 1 20) Lang was able to induce the development of 
axillary branches in young plants of Os regalis. Such a deviation 
from the normal morphological construction appears to strengthen the 
conclusions reached by Kidston and Gwynne-Vaughan as to the deri- 
vation of the Osmundaceae from a Zygopterid source. 

Experiment has also contributed to an understanding of the incidence of 
isophylly and anisophylly in the genus SelagineUa and such data are useful 
' in any consideration of the interrelationships of the various species. 

Such examples are however few and their significance always open to 
doubt and it must be admitted that experiment seems likely to be of very 
limited service in the study of phylogenetic problems. 

{h) The Evolution of the Gametophyte. Although, as showm above, there is 
a considerable volume of experimental evidence as, to the factors under- 
lying the form of the cordate type of Fern prothallus, this evidence throws 
little, if any, light on the evolutionary relationships of the various types of 
Pteridophyte prothallus. It is, for instance, known that under certain 
conditions a filamentous form of prothallus may be induced and maintain- 
ed but such knowledge gives no indication of the phyletic relationship 
between the filamentous type of prothallus, e.g. that of the HymenophyP 
laceae, and the cordate type. Nor is any experimental evidence available to 
indicate the origin of the subterranean types seen in the Ophioglossaceae 
and the homosporous Lycopodiales i). 


The observations of Land (Bot, Gaz., Vol. 76, I923):on prothalli of Angiopteris 
which had been buried by falls of friable soil are interesting in relation to this 


138 S. WILLIAMS, EXPEKIMENTAL MORPHOLOGY 

(c) The Differentiation of the Sporophyte Plant Body. The most recent l-^nd 

comprehensive attempt at a reconstruction of the historical developm ent 
of the differentiated sporophyte from an undifferentiated source is tl ^^t 
made by Bower (loc. cit.) on the basis of a wide comparative survey aih^-p 
in particular, on a consideration of the Psilophy tales. The question arrlges 
as to whether experiment can contribute anything to the solution of sr^ich 
a problem. There may be mentioned the experiments of Lang on Osmunlj^i 
regalis in which the development of cylindrical rudimentary structures 
induced. Lang points out in relation to these that they may represent to Jh 
certain extent '‘the indeterminate and almost thalloid structures that|- 
underlie the differentiation of stem and leaf, however this came about /p 
The formation of indeterminate structures possibly of comparable nature, 
and significance, was induced by Williams in Lycopodnm Selago. ; 

Facts bearing on the above problem are also provided by experiments , 
in which the replacement of leaves by shoots has been induced, e.g. those of 
La^g on Osmtmda regalis. Such experimental results stress the funda- 
mental equivalence of leaf and shoot, a fact of considerable importance in 
the discussion of the origin of the differentiated plant body. 

Nevertheless, it is clear that the contribution of experimental morphology 
to the solution of this problem is not likely to be a decisive one and ex- 
periment, even if extended over a much wider range than has hitherto been 
the case, is likely to provide merely a check on the conclusions based on the 
classical comparative method. 

[d) The Origin of H eterospory. been suggested on the basis of 

evidence derived from the fossil Equisetales that the heterosporous habit 
arose as a consequence of the abortion of a certain number of the spores and 
the consequent better nutrition of the remainder; “this process, going on 
more freely in some sporangia than in others, may ultimately have 
rendered possible the excessive development of those spores that survived, 
at the expense of the others, and may thus have led to the development of 
specialised megaspores.” (Scott, Fossil Botany, 2nd Edit., p. 58). 

Experiment has shown that nutritional factors are actually concerned in 
the manifestation of hetcrospory. Goebel has stated that if the photo- 
synthetic activities of plants of Selaginella are retarded by growing them 
under conditions of feeble illumination the cones produce only micro- 
sporangia. The influence of nutrition on the heterospory of M arsilia has been 
investigated by ShattucrI). It was found possible to kill all the megaspores 

question. They showed a cylindrical development of the cushion and the wings were 
inconspicuous; an endophytic fungus was present. Such observations suggest a 
possible mode of origin for the subterranean,, cylindrical type of prothallus and 
Bower (Prim. Land Plants, p. 439) mentions the possibility of experimental work 
in relation to this problem. 

q Shattuck, C. H. The Origin of Heterospory in M arsilia, Bot. Gaz., Vol. 49, 
1910, p, 19. 
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and a varying number of the miGrospores in the sporocarps by suddenly 
lowering the temperature by means of a cold water spray. The plants were 
then placed under favourable growth conditions and the sporocarps allower 
to mature. Examination showed that in sporocarps in which the mega- 
spores and not less than half the microspores had aborted, some of the 
remaining microspores, presumably as a result of the increased supply of 
food materials, showed increases in size up to sixteen times the normal. 
The largest of these approached in size and some other features the 
structure of normal megaspores. 

The influence of nutrition on the incidence of heterospory appears there- 
fore to be established and the experimental results may be regarded as 
supporting the view already expressed on the basis of palaeobotanical 
evidence. 

§ 17. Conclusion. — The above survey will have indicated the relative 
paucity of experimental data available for a consideration of the morpho- 
logical problems presented by the Pteridophytes. It would appear that 
further advance must await on the critical re-examination of some of the 
results already obtained and the extension of experiment over a much 
wider range of forms. 

The possible lines of attack are various. One of these is the extension of 
observation along lines similar to those of the experiments described in, 
this chapter. Many of these experiments require, as Goebel has said, only 
a plant, a pot of soil and a question''. From them would come an accumu- 
lation of data relating to induced deviations from the normal life-cycle, 
regeneration phenomena, correlations of organs and tissues, the formation 
of vascular tissue, the onset of fertility whether in the gametophyte or the 
sporophyte, and many other questions. Such data would undoubtedly 
possess great intrinsic interest and would probably contribute, when taken 
in conjunction with the evidence derived from wide comparison, to the 
solution of the major problems of morphology. 

It is, however, urgently necessary that experiment should be extended to 
the physico-chemical aspects of the problems. That such advance is possible 
is evidenced by the discoveries of Went and other workers of growth- 
regulators, root forming substances and other plant hormones ^). These 
laise the hope that the further analysis of correlation phenomena and other 
11101 phological problems may be rendered possible in the Pteridophytes 
and other phyla. 

Experiments along the line of morphological inquiry together with those 
dealing with the physico-chemical aspects may ultimately approach to a 
satisfactory analysis of the hature of the factors, both internal and external 


q See R. Snow, loc, cit., for a useful review of this work. See also P. Boysen 
JENSEN, Growth Hormones in Plants, 1 936 and Williams, S. , Nature 139 : 966. 
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which underlie the normal life-cycle and structure. Such an analysis will, 
however, leave unsolved the problem as to h o w the protoplasm responds 
to the influence of these factors. From the physiological side it has been 
pointed out that attempts at purely physico-chemical explanations are 
“apt to involve over-simplification of the problem'’ and in view of our 
ignorance concerning the nature and activities of living protoplasm it is 
clear that such explanations are imposssible at the present time. Studies in 
the metabolism of different tissue elements and in what Weber 2) has 
recently termed “protopiasmatische Pflanzenanatomie” give an indication 
of possible advance in this direction. 

Finally there may be mentioned the related and even more difficult 
problem presented by the nature of the “spezifische erbliche Struktur”. 
The significance of the contributions from genetical and cytological 
investigations in relation to this problem cannot be discussed here but 
research in these special branches of experimental morphology is obviously 
of fundamental importance and offers indeed the only direct line of attack 
at the present time. 


D. Thoday, loc, cit., p. 284. 

“) F. W'EBER, Protoplasmatische Pflanzenanatomie, Protoplasma, Vol. 8, 1929. 
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ASSOCIATIONS WITH FUNGI AND OTHER LOWER PLANTS 

by 

Mary J. F. Gregor (Edinburgh) 

§ 1. Introduction. — The lower forms of plant life that occur in 
association with living Pteridophyta may be roughly classified as epiphytes, 
symbionts or parasites. These groups cannot, however, be regarded as 
clear-cut and isolated, for transitional forms do exist. In the first-mention- 
ed group the association is frequently a matter of chance, and many other 
substrata would serve the epiphyte equally w^ell. Nevertheless the host 
may be injured or even killed by the epiphyte if the latter is present in 
sufficient numbers. In the case of symbionts the association is often 
obligatory, though there are instances of facultative as opposed to obligate 
symbiosis ; sometimes the symbiosis approaches very closely to parasitism. 
Among the parasites are some which are mainly epiphytic in habit and 
merely penetrate the epidermal cells here and there by means of haustoria. 
Some are only parasitic for part of their life and continue to grow sapro- 
phytically after the death of the host, while others are obligate parasites. 

By far the majority of the lower plants that enter into intimate associ- 
ation with Pteridophyta belong to the Fungi. Many of these cause diseases 
while others have established a symbiotic relationship as mycorhiza; the 
latter are discussed in detail in the following chapter. Our knowledge of the 
pathogenic fungi dates from the beginning of the nineteenth century, when 
Persoon, Fries, Fuckel and other mycologists described some of the 
fungi occurring on Pteridophyta. In general, however, these early investi- 
gators were more concerned with the fungus than with its relationship to 
its host, and they frequently failed to differentiate between saprophytic 
and parasitic species. Even now this difficulty may sometimes be en- 
countered, but the increased use of experimental methods has resulted in a 
greater emphasis on the biological relationships between fungus and host. 

In addition to diseases caused by fungi there are a few attributed to 
Myxomycetes and bacteria, while virus diseases have also been recorded on 
a number of ferns. A state of symbiosis exists between the water fern 
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Azolla and the blue-green alga Anabaena. Innumerable epiphytes repre- 
senting all classes of lower plants may, under suitable conditions, grow 
upon Pteridophyta. 

§ 2. The fossil record. — Before passing on to a detailed discussion of 
the various associations occurring at the present day, it may be of interest 
to consider whether any such relationships existed during earlier geological 
epochs. Considering the delicate nature of most fungi, algae and bacteria it 
is not surprising that the records of fossil forms, though numerous, are 
in many cases not very satisfactory. Nevertheless it is clear that fungi 
certainly existed during the Carboniferous period or even earlier, wdiile 
evidence of bacteria extends back to pre-Cambrian times. Many of these 
forms have actually been found in or on fossil Pteridophytes. At this point, 
however, we come up against a serious difficulty, for it is well-nigh 
impossible to determine whether they were true parasites, symbionts or 
merely saprophytes. 

Mycelium has been found in petrified tissues, sometimes associated with 
injury to the cell walls. Often such hyphae show no diagnostic features, but 
occasionally indications of reproductive organs, transverse septa or clamp 
connections may give some guide to their affinities. Many of the records of 
fossil fungi refer to leaf-spot fungi, and a number of these have been 
described on the foliage of fossil ferns. Once again the situation is compli- 
cated, for fungi, insect injuries and even normal leaf glands may easily be 
confused in a fossilised condition, and undoubtedly some errors have arisen 
from this cause. Even when the spot is unmistakably fungal in origin it is 
often impossible to identify or describe the structural details of the causal 
organism. But the fact remains that this type of fungus injury must have 
been common in past ages even as it is to-day. 

The humid conditions of the Carboniferous period would seem to offer an 
ideal opportunity for the development of epiphytes, yet many observers 
have commented on the remarkably clear cortical patterns of the Palaeo- 
zoic plant remains which apparently indicate that such associations did not 
exist in the coal swamps. 

Since space does not permit of the enumeration of examples here, the 
reader is referred to A. Meschinelli's “Fungorum Fossilium omnium 
Iconographia’' 1902, which is a list of fossil fungi recorded up to the year 
1900. Interesting discussions and references to other literature will be 
found in A. C. Seward’s "Fossil Plants”, Vol. 1, pp. 207-222, 1898, and in 
R. L. Moodie’s "Paleopathology”, Chapter III, by E. W. Berry, 1923. 

§ 3. Diseases of the Gametophyte. ~ The prothallia of the Pterido- 
phyta live in such intimate connection with the soil and under such moist 
conditions that they very readily fall victims to the damping-off fungi. 
Cephalothecium rosetm Cda., which is usually a saprophyte, was recently 
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found in a greenhouse in Indiana causing severe damping-off of prothallia 
of Pleris longijolii?. Pyfhium Deharyamtm Hesse, a species which is now 
taken to include both P. Equiseii Sadebeck and P. autumnale Sadebeck, 
has been recorded b}" Sadebeck as a parasite on the prothallia of EqiiP 
sefum curense, E. palusire and E, limosum. De Bara^ -) described P. inter- 
medium de Bary attacking prothallia of Eqnisehim, Todea and Ceratopteris, 
and he also successfully inoculated prothallia of Todea ajricana with P. meg- 
dlacajiikiim Dll 'B xry dead P. Dehafyanum. 

Of far greater biological interest than the above-mentioned omnivorous 
Pythium species is Completona complens Lohde, a parasite in the prothallia 
of Gymnogramme, Ceratopteris^ Pteris cretica, Polysticlmm falcatiun etc. It 
belongs to the idimily EntoniopMJiora^ most of whose members arc 
parasitic upon insects, and it has been studied in detail by Leitgeb and 
Atkinson Infected prothallia develop yellowish spots which later turn 
brown, then black; ultimately the prothallia die. The vegetative body of 
the fungus consists at first of a botryose cluster of oval or twisted hyphae 
lying within a single host ceil, which may be completely filled by it. When 
mature, slender threads grow^ out from some of the peripheral branches, 
penetrate neighbouring cells and there form new botryose clusters into 
which the protoplasm of the parent body flows. Groups of thick-walled 
resting spores are sometimes formed in the centres of the h 3 ^phal clusters. 
Conidia, too, are produced on delicate branches which grow out on to the 
surface of the prothallium; they are thrown off with considerable force and 
give rise to new infections. 

§ 4. Diseases' of the Sporophyte. a) F i 1 i e i n a e.- — Glasshouse 
diseases. When ferns are cultivated in greenhouses the moist atmosphere 
provides ideal conditions for the development and spread of certain t 3 "pes 
of fungous disease. Such diseases do not normally attack the ferns in their 
natural habitats and they can usually be checked by improving the 
ventilation of the houses. A good example is a case known personalh- to the 
writer where Cladosponum herhariim (Pers.) Lk. caused an outbreak of 
disease among Pfms cretica in midwinter. The fronds became discoloured 
and soon developed a greenish mould of conidia on both surfaces. Some 
plants died, but as the season advanced and more light and air entered 
the houses, the disease gradually disappeared. A somewhat similar epi- 
demic on the same host was described by Rostrup ^), but here the causal 

b Sadebeck, R., Verhandl. bot. Verein d. Prov. Brandenburg, XVI, i 16, 
1874 and Tagebi. Wrsamm. deutsch. Naturf. u. Arztein Breslau, XLIX, 100, 1876. 

b DE Bary, A., Bot. Zeit., XXXIX, 528 & 553, 1881. 

b Leitgeb, FL, Sitzungsb. K. Akad. Wiss. Wien, LXXXIV, 288-324, 1881. 

Atkinson, G. F., Bot. Gaz., XIX, 467, 1894 and Cornell Univ. Agr. Exp. 
Sta. Bull., 94, 252, 1895. 

b Rostrup, E,, Gartn. Tidsskr., 231, 1898. 
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fungus \y2lS Coniosporiim Rostr. and hundreds of plants suc- 

cumbed to the attack. Botryiis longibrachiata OvD. has been recorded as a 
greenhouse parasite of various ferns in Germany^). B, cinerea, too, is 
harmful in countries as far apart as Alaska and Germany, while Moniliopsis 
Aderholdi Ruhland may cause heavy damage to ferns. White studied a 
disease of Cibotimn Schiedel caused by Pestalozzia Cibotii White. Under 
greenhouse conditions this fungus kills frondlets or even entire fronds of the 
fern. Sorauer has described a very curious slime disease oi Cyathea 
medullaris gro^ii un&tv glass. Open cankers developed at the bases of the 
petioles, and cut surfaces oozed slime while the vascular bundles turned 
black. The fronds withered and finally the whole plant died. It is possible 
that the intumescences were caused by excess atmospheric moisture, but a 
Nectria sp. was isolated in culture. No conclusion was reached as to the 
cause of the various pathological phenomena. 

Rusts. The diseases which attack ferns growing in the open under natural 
conditions are, however, of much greater interest. Among these the fern i 
rusts have received the greatest share of attention and the reader is referred 
to the following works for details of the numerous individual species: 

P. & H. Sydow, Monographia Uredinearum, Vol. Ill, 1915. J. H. Fault, - 
Taxonomy and geographical distribution of the genus Milesia, Contr. Ar- 
nold Arb., No. 2, 1932. J. C. Arthur, Manual of the rusts in United States 
and Canada, 1934. The aecidia and spermogonia, where these are known, 
occur on various species of and may cause serious damage, especially 
to seedlings and young trees. The uredo- and teleuto-sori develop on ferns, 
giving rise to brown or black areas on the fronds which may be so extensive 
as to cause considerable injury. The most important genera are Uredinop- | 

sis, Milesim [Milesia) Hyalopsor a. In the first-named genus the ’ 

whitish uredo-sori are enclosed in a delicate peridium, and septate teleuto- 
spores are formed in a sub-epidermal layer or scattered in the mesophyll of 
the frond. Amphispores, which serve as a resting stage, are produced 
towards the end of the season by most, if not all, of the species. U. Osnmn- 
dae attacks various species of Osmunda while the other species are restricted 
to the Polypodiaceae. In Milesina the uredo-sori are very similar to those 
of llyedinopsis hnt the multicellular teleutospores develop within the 
epidermal cells, usually one in each cell though sometimes several (Fig. 1). 

By growth and septation they eventually fill the cell, taking the same form 
and outline. A considerable number of species are known, widely distribut- 
ed throughout the world. Arthur^) has described Milesia [Milesina) 
australis on Lygodium polymorphum, also Puccinia Lygodii (Hariot) Arth. 

') Aderhold, R., Centralbl. f. Bakt., 2. Abt., VI, 625-626, 1900. 

“) White, R. P,, Mycologia, XXVII, 342-346, 1935. 

3) SoRAUER, P., Ber. Deutsch. Bot. Ges., XXX, 42-48, 1912. 

•’) Arthur, J. C., Bull. Torrey Bot. Club, LI, 53 & 55, 1924. 
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on the same host. Sydow ^), too, Milesina Lygodii Syd. on Lygo- 

dium sp. The first and third species were based on uredo-stages only, while 
the second had both uredo- and teleuto-spores. Fault states that all the 
collections assigned to these three species show great similarity in the uredo- 
stage and that further study is required before their taxonomic position 
can be definitely decided. He therefore excludes them from his discussion 
of the genus Milesia (Milesina) which, he states, only attacks ferns of the 
family Polypodiaceae. Hyalopsora can be distinguished from Uredinopsis 
sjid Milesina by its yellow, pulverulent uredospores. These are of two 
kinds, differing in thickness of wall and certain other characters, but all 
gradations between the two may be found: they possibly represent an 
active and a resting condition. The septate teleutospores are formed inside 
the epidermal cells. These rusts infect various genera of the Polypodiaceae. 

In addition to those mentioned above Sydow has described two other 
genera of fern rusts, Desmella and Calidion. The sori of the former consist of 



Fig. 1. Milesina Kriegeriana Magn. on Dryopteris 
spinulosa. Longitudinal section showing uredo- 
sorus and teleutospores in epidermal cells, x 210. 


(Adapted from drawings by P. Magnus). 

bunches of spore-bearing hyphae emerging through the stomata. Both 
uredo- and teleuto-spores are known but no aecidia or spermogonia. In 
Calidion only the uredo-stage is known, but this is distinguished from all 
other fern rusts by the conspicuous, thick-walled, coloured paraphyses 
surrounding the uredo-sorus. Four species of Desmella and one of Calidion 
are described, on various genera of Polypodiaceae and Schizaeaceae. 

Ferns as hosts of crop plant parasites. It is commonly assumed that 
diseases of ferns, with the exception of the rusts that attack Abies, are of 
little or no economic significance. This is probably true in the majority of 
cases, but there are several records of dangerous parasites of cultivated 
crops occurring also on ferns; in this way the latter may assume some 
importance as perpetuators of the disease. Corticium koleroga (Cke.) v.H. 
has been found on Poly podium linear e daidCyclophor%is acrostichoides (Nipho- 
bolus fiss^cs) in Mysore ^).This fungus causes a serious disease of coffee, and 
reciprocal cross-inoculations with isolations from the two ferns and from 

h Sydow, H., Mycologia, XVII, 255, :1925. 

-) Faull, J. H.,l.c.,p. 122. 

q Sydow, H. & P., Ann. Myc., XVI, 241 & 242, 1918^^ ^ ^ 

Venkatarayan, S. V.. Journ. Mysore Agr. Exp. Union, VII, 23-28, 1925. 

Manual of Pteridology 
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diseased coffee plants gave positive results. Omphalia jlavida Maubl. et 
Rang, is another virulent coffee parasite which attacks many other plants, 
including ferns. Pieris longifolia has been shown by inoculation to be a host of 
Sclerotium Rolfsii Sacc., a fungus which infects many different crops in warm 
countries. Corticium Bourd. et Galz. causes a disease of strawberries 
in North America and is also frequently found on Ptendium aquilinumv^x. 
pnbescens in infected areas ^). Bracken, again, is listed in Transvaal as a 
host of Pyilmim aphanidermatum Fitz. 2 ), a species that attacks 

tobacco, sugar-cane, tomatoes and other valuable crop plants. Steinmann'^) 
has recorded a thread blight of the Marasmius group on Nephrolepis Jiirsu- 
tida in Java. A similar fungus occurred also on tea, coffee, pepper and 
other economic plants and was capable of causing serious damage. In the 
absence of fructifications, however, it was impossible to be absolutely 
certain that the parasites on the different hosts were all identical. 

Experiments on bracken control by parasitic fungi. In certain parts of the 
world ferns of the genus Pteridium have become so abundant as to con- 
stitute a menace to agriculture and forestry. Attempts have been made to 
check the weed by various means, and the possibility of biological control 
by the dissemination of parasitic fungi was one of the methods considered. 
In this connection an interesting disease of Pteridium aqtdlinum was 
investigated by Gregor ^). Dryopteris Filix-mas may also be attacked by 
the disease and infection experiments demonstrated the susceptibility of 
D. spinulosa, Polystichim acideatum^ds. lobatum, Asplenium Trichomanes, 
Poly podium vulgar e, Blechnum Spicant, Cysiopteris jragilis and Phyllitis 
Scolopendrium. The causal fungus is a rather unusual species of Corticnim, C, 
anceps (Bres. et Syd.) Gregor. It does not exactly cause malformation 
of the fronds, but since badly affected portions become very brittle and 
readily break off, diseased fronds commonly have an irregular and lop- 
sided appearance (Fig. 2). Infection takes place on the lower surface 
of either pinnae or rachis, most usually by means of infection cushions, 
though individual hyphae may enter through stomata. The internal 
mycelium kills the affected portions of the frond while the superficial 
hyphae cover the lower surface with a white felt-like mat on which tlie 
basidia are borne. In the later stages sclerotia develop freely on this 
superficial mycelium. The disease is markedly affected by environmental 
conditions, particularly atmospheric moisture, and for that reason is not 
likely to be of any value for eradication of bracken in a variable climate 
such as that of Britain. 

In New Zealand the rhizomes of Pteridium escidentum are sometimes 


q Zeller, S. M., Oregon Agric. Exp. Sta. Bull., 295, 1932. 

“) Wager, V. A., S. African Journ. of Sci., XXX, 247-249, 1933. 

3) SxEiNMANN, A., Arch, voor Cacao Nederl. Indie, Deel 2, 44-47, 1928. 
h Gregor, M. J. F„ Phytopath. Zeitschr., VIII, 401-419, 1935. 







I' lG. 2. ^-'OWQX sxLxiQ.CQ ot iiojid of Pteridium aguilinum 
severely attacked by Corticium anceps. 

Galls and malformations. Among the most interesting fern diseases, from 
the point of view of the pteridologist, are those which result in galls or 
malformations. Giesenhagen 2) has described two particularly striking 
examples on tropical ferns. Taphrina Laurencia Gies. induces the for- 

CrxNixGHAM, G. H., Xew Zealand Dept. Agric. Bull., 132, 4, 1927. 

-) Giesexhagex, K., Flora, LXXVI, 130-156, 1892. 
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attacked and killed by a species of F■^^w^Vm. CuNNIN isolated this 

fungus and carried out infection experiments with it. In the majoritt" of 
cases negative results were obtained, but in one set of experiments five out 
of seventeen inoculated plants died and the Fusarium was reisolated from 
the dead rhizomes. The next year, however, no trace of the disease could be 
found in the infected area, so this attempt at biological control of bracken 
was also abandoned. ' • ' 
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mation of adventitious buds on the lower surface of fronds oiPtens qimd- 
naufita, P. aspericauUs, P. Blumeana, P. nemoralts and Polystichuni 
aristahm. The buds develop into small, abnormal fronds which form a 
dense bushy outgrowth resembling a witch’s broom The anatomy of 
these abnormal fronds is very simple, and no stomata or sori occur on 
them. The asci of the parasite develop in their epidermal cells and later 
break through the outer walls to lie exposed on the swctdce, Tapkrina 
Cornu cervi Gms. causes a somewhat simpler type of outgrowth on the 
fronds otPolystichum aristahm a.ndP.carvifoUum, In this case no adven- 
titious buds have been observed, but on both surfaces of the frond appear 
short cylindrical, simple or branched, structures about 1 cm. in length 
which contain a small vascular strand in direct connection with the vascular 
system of the frond. The asci of the parasite develop, in this case, beneath 
the cuticle of the epidermal cells of the outgrowths, and when mature they 
break through this and are fully exposed. Giesenhagen found that many 
of the galls on P. aristatum became infected with. Urobasidium rostratum 
Gies., but this fungus was in no way responsible for the outgrowths. 

There are a number of other species of Taphrina upon ferns, some of 
which give rise to discoloured swellings on the fronds while others merely 
cause leaf-spots of varying degrees of severity. A full list of these is given 
in Sorauer’s ^Handbuch der Pflanzenkrarikheiten”, 5th edition, Vol. II, 
p. 465 & 466, 

Synchytrium Phegopteridis Juel and S. Athyrii Lagerh. are responsible 
for small galls on fronds and petioles of Phegopteris polypodioides and 
Athymm Filix-femina respectively. The galls are due to the enormous 
enlargement of the epidermal cells containing the parasites. 

Cryptomyces Pteridis (Reb.) Rehm and its conidial stage Gloeosporium 
Pteridis (Kalchb.) Bubak et Kabat cause a deaf rolF disease of Pieridium 
aquilinum ^) . Infection takes place at an eaiiy stage through the stomata and 
the fungus develops most freely in the lower surface of the frond, cliecking 
the growth of that region. This results in a peculiar curling of tlu^ pinnae 
w^hich at the same time become thickened and exhibit a 3T;lIowish-green 
discolouration. Diseased plants are somewhat stunted in growth. Brown 
conidial fructifications and later black apothecia develop abundaiitly on 
the lower surface, just below the stomata. The function of these stomata is 
disturbed, which does not seriouvsly affect plants in moist shad}/ posit i<)ns, 
but those growing in exposed places readily succumb to heat or drought. 

Pinnules of Osmunda regalis may be attacked by a smut fungus, Usftlago 
Osmundae Peck which brings about a curious deformation. The affected 
parts turn brown or black, and are contracted into tufts. The brand spores 
of the fungus develop inside the diseased pinnules and sometimes l.)urst 


P Killian, K., Zeitschr, f. Bot., X, 49-126, 1918. 
-) Peck, C. H., Bot. Gaz., VI, 276, 1881. 
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out along the vein but more commonly over the whole surface. x4nother 
very interesting smut, Entyloma N ephrolepidis Rac., has been found by 
Raciborski^) on Nephrolepisbiserrata {N. acuta) in Java. The mycelium in- 
vades the meristematic portions of the plants, with the result that abnormal 
fronds develop. These are smaller, wider and thicker than the normal ones, 
paler in colour and remain sterile. The hyphae live within the cells of these 
fronds and there form the colourless brand spores. Later, hyphae grow 
out on to the lower surface of the frond and cut off oval conidia. The 
conidiophores continue to grow, and old fronds are usually covered on the 
under side with a dense white mat of mycelium up to 80 [a in thickness. 
While discussing smuts on ferns, mention should also be made of E. Aspidii 
(Bres.) v. Hohnel and its conidial Entylomella Aspidii (Bres.) 
V. Hohnel. This fungus occurs on Dryopteris spinulosa, but no malforma- 
tion results from the attack. The infected areas dry up and entire fronds 
may be killed. 

Raciborski^) has described another curious disease from Java on 
young fronds of Acrostichum {"Hymenolepis) spicatum. The spores of the 
pai'asite, Platygloea Hymenolepidis Rac., germinate on the fronds and the 
germ tubes each penetrate an epidermal cell. After repeated branching 
within the cell they emerge again as bundles of slime-coated hyphae on 
which basidia develop. Mesophyli cells are rarely invaded by mycelium but 
they show a marked hypertrophy. Infection of the epidermis, however, is 
usually so heavy that both surfaces of the fronds become thickly coated 
with gleaming white slime. The fronds are bent and twisted and sub- 
sequently some of them rot, though others appear to outgrow the disease. 

Herpohasidium StrutUopteridis (Rostr.) Lind gives rise to malformation 
of the fronds of Matteuccia Stmthiopteris, but the fungus has not been 
studied in any detail. Another species, however, H. filicinum (Rostr.) 
Lind, has been investigated fully by Jackson ^). It occurs in Europe on 
Dryopteris Filix-mas, Fhegopteris Dryopteris, P. polypodioides, Cystopteris 
montana and Dryopteris pulchella, and is also known in Canada and the 
United States. The mycelium is systemic and perennial, presumably over- 
wintering in the rhizomes. It gives rise to small brownish areas on the 
young fronds, from the lower surface of which hyphae grow out, forming 
a conspicuous white mould-like growth bearing basidia. The method of 
infection is not known. No hypertrophy is caused by this species. 

Leaf-spot diseases. There are a very large number of fungi that cause 
leaf-spot diseases of ferns or, in some cases, a die-back of the tips of the 
fronds. Many of these belong to well-known genera such as Gloeosporium, 
Septoria etc. and are of no great interest or importance. On the other hand, 
associated with this type of disease there are some very unusual fungi 

Raciborskt, ^NL, Parasitisclie Algen iind Pilze Java’s, III, 8, 1900. 

q Raciborski, M., Bull. Acad. Cracovie, I, 356, 1909. 

«) Jackson, H. S. .Mycologia, XXVII, 553-572, 1935. 
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have been wde .he rr^tfo. " 

“rTol°“f theJ 'u wrist described by PEYMBEL>) on Yacc.miun, 

‘^0?^ «rT^^»re ‘ » p ■" ‘I'' T ' 

Son occurs rapidly from any cell in the presence of mo, store, PEVEOEEL 

r eardrS e investing organs as bulbils and states that no 

been oblived, nevertheless he thinks that the fungus most probabij 

"t™s‘rirrS'>Tbave described a serious leal-spot disease of 
Cyi™J« in Porto Rico. Srmdl black ^pots are P^»ced ^‘len .„ 
such profusion as to cover more than half the leaf area. They are due to 
conceLration of coarse dark mycelium in the epidermal ceHs and the 
subsequent development of superficial pycnidia and pentheciay i 
parasite shows affinities with both the Dothideaks and the Ihaaiiaks, 
but inclines more towards the latter. The authors have proposed a new 

genus for this fungus which they name “-Hch 

resemblance to RhagadoloUum Hemitehae P.Henn. et Lind. ) wl idi 
forms thin black stromata on the lower surface of the fronds of A.sophila 
samoensis in Samoa. This genus was originally included in the 2 
but Theissen and Sydow *) consider that it should rather belon,,_ t o the 
Dothideaks. The mycelium develops freely in the mesophyil ana lovver 
epidermis, fills the air spaces below the stomata then grows ou hrough the 
latter to form the stroma and asci. The stroma is thus anchored to the trend 
at numerous points corresponding to the position of the stomata, never- 
theless it readily falls away leaving a pale-coloured area with ^eatteled 
black dots which represent the stomata blocked with dark myce hum. 

Raciborski has described a number of new fungi causing leai-spot 
diseases of ferns in Java. Among these may be mentioned Hymenoscypha 
A splenii Rac. on Diplaziwm pallidum, M orenoella Nephr odti K At . oin > yop- 
teris cmescens, (= Nephrodiumheterophyllum) Parmulanadtscotdea Rac. on 

U Peyronel, B.i Staz. Sperim. Agrar. Italiane, LVI, 521-538, 1925, 

•-) Stevens, F. L. and Daebev, N., Bot. Gaz., LXVIII, 222-225. 1919. 

») Hennings, P., Engl. bot. Jabrb., XXIII, 287, 1896. 

ff) Theissen, F. and Sydow, H., Ann. Myc., XIII, -240, 1915, 

=1 Raciborski, M.. Parasitische Algen nnd Pilze Java's, II & III, 1900. 
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Polypodutm iongissimufn and Irydyonia filicis Rac. on Blechnmn onentale. 
Certain of them have since been discussed by Theissen andSYDOW (Lc.) 
who were able to add some further details concerning their structure, 
development and taxonomic position. This valuable monograph of the 
Dothideales includes a number of other species on ferns but unfortu- 
nately, in the majorit}^ of cases, no indication is given as to whether 
the fungi are parasitic or saprophytic. 

Faris studied a wither-tip disease of Nephrolepis exaltata caused by 
Glomerella Nephrolepis Faris, whose conidial stage was shown to be a 
species of Aggery recently published a very detailed 

paper on some new diseases of ferns, which included descriptions of 
Homostegia Polypodii Agg. on Polyp odium vulgar e and P. vulgar e var. ser- 
ratum, Kad Sphaerella siihostiolica Agg, on the same hosts and also onP. 
cambrimm. The genus Sphaerella includes several other fern parasites, 
namely S. Polypodii Rabh. on Poly podium vulgar e, Dryopferis Filix-mas, 
Asplenium Trichomanes and Pteridium aquilinum, S. callistea Syd. oil 
Osmunda regalis, S. Botrychii Rostr. on Botrychium ternahtm, and 5. 
Filicum (Desm.) Fuck, on Dryopteris Filix-7nas, D. spinulosa and Asplen- 
ium A diantum-nigrum. 

It is, however, among the Fungi Imperfect! that the largest number of 
species causing leaf-spots are to be found, and the following list may give 
some idea of the variety of genera concerned: Phoma Botrychii Jacz. on 
Botrychiummatricariae, PhyllostictaPlatyceriiTASSi on Platycerium hifurca- 
turn (= alcicorne), Vermicularia Scolopendrii Pass, on Phyllitis Scolopen- 
drium, A scochyta Pteridis Bres. on Pteridium aquilinum, Camarospormm 
Asplenii Siem. on Asplenium septentrionale, Septoria Scolopendrii Sacc. on 
Phyllitis Scolope?idrium, S. mirabilis Pk. on Onoclea sensibilis, S. AspleniiF. 
et E. on Athyrium angustifolmm, Melasmia imitans Peck on Pteridium 
aquilimim^Gloeospormm Nicolai Agg. on Phyllitis S colop endrium nnd G. 
Polypodii Agg. on Polypodium vulgar e, P .vidgarevzx . serrat'umnndPolysti- 
chum acideatum , G. Osmundae E. et E. on Osmunda cinnamonea, G. Pteridis 
Klchr., G. necans E.?et E, and G.leptospermumV^O'KonPteridium aquilinum, 
G, PhegopteridisFnK^K on Phegopter is Dryopteris, Pestalozzia junerea Desm. 
var. typica Sacc. on Pteridium aquilinum, Cylindrocladium Pteridis Wolf 
on Polystichum adianti forme, Dryopteris normalis nnd Nephrolepis exal- 
tata ^), Ramularia Scolopendrii Fautr. on Phyllitis S colop endrium, R. Bot- 
rychii Lindroth on Botrychium Lunaria, Cercosporella Filicis- feminae 
(Bres.) Hohnel on Athyrium Filix-femina, Macrosporium Scolopendrii 
Cke on Phyllitis S colop endrium, Alternaria Polypodii Major on PoZy- 
podhmi sp. ^), Cercospora Asplenii Jaav on Asplenium Trichomanes nnd 


h Faris, J. A., Mycologia, XV, 89-95, 1923. 

“) Aggi^ry, B., Bull. Soc. d’Hist. Nat. Toulouse, LXVIII, 5-201, 1935. 

3) Wolf, F. A.. Journ. Elisha Mitchell Sci. Soc,, XLII, 55-62, 1926. 

Major, T. G., Quebec Soc. Pro tectibn Plants Ann. Kept., 14, 59-61, 1922. 
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Bmchyspormm Crepini (West.) Sacc. on OpJnoglossum vulgatum i). Sclero- 
tkmi decidmm Davis has been recorded as a parasite on MaMeuccia Struthi- 
opteris, but no details were given as to the symptoms produced on the host 
plant. Finally we might add here Leptostroma iilicinum Fries which tornis 
spots, on the petioles of various ferns. This list does not pretend to be 
complete, and there are many species omitted which may perhaps attack 
living plants but about whose parasitism no definite information could be 
found. 

Diseases of son and spores. There are two interesting fungi that attack 
the sori of certain species of Poly podium. Sonca maxima (B. et C.) Gies. is a 
Pyrenomycete wFich has been discussed in detail by Giesenhagen ^). It is 
recorded on P, crassifolium and P. pimctatum from tropical America. The 
mycelium forms a dense layer closely adpressed to the surface of the 
placenta and enveloping the bases of the sporangia! stalks. From this grow 
out long thill stromata which swell slightly near the tip toform aperithec- 
ium containing asci with round brown spores. Small hyaline conidia are 
cut off from specialised hyphae borne on the surface of the stroma. Round 
pycnidia are also formed on similar though much shorter stromata. The 
fructifications of the fungus can be seen with the naked eye as fine black 
threads, up to 2 mm. in length, radiating from the reddish brown sori. The 
effect upon the host depends upon the stage of development of the sorus at 
the time of infection. In very young sori the superficial cells of the placenta 
are killed and no sporangia are produced. The fungus forms a dense mat 
but does not appear to reach its full development under such circum- 
stances. If the sorus is somewhat older, sporangia are still suppressed but 
now a few fructifications of the parasite appear. All gradations can be 
seen between such cases and those where the placenta has suffered no 
apparent injury and sporangia and stromata occur abundantly side by 
side. Couch has described another parasite, Septohasidium Polypodii, on 
Polypodium sp. in Jamaica. This fungus at first grows only on the sori, 
covering the developing sporangia and their stalks with hyphae. Penetration 
of the pro-sporangial cells occurs but in spite of this a good many sporangia 
mature. Later the mycelium spreads over the lower surface of the fertile 
fronds, enveloping them in a white mat of mycelium which, however, does 
not enter the epidermal cells but remains entirely superficial. Von 
Schenk 4) recorded a parasite, Chytridium sub afigulo sum A. Braun, 
attacking spores of Dry opteris parasitica {= Asp. violascens) which had been 
laid out to germinate. The fungus formed spherical sporangia on the surface 
of the spores. 

b Magnus, P., Hedw., XLI I, 222-225, 1903, and XLIV, 16-18, 1904. 

“) Giesenhagen, K., Ber, Deutsch. Bot. Ges., XXII, 191-196 & 355-358, 1904. 

») Couch, J. N., Jonrn, Elisha Mitchell Sci. Soc., XLIV, 255, 1929. 

*) Schenk, J. A. von, tlber das Vorkommen contractiler Zellen im Pflanzen- 
reiche, p. 8, 1858. 
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Diseases attribided to Myxomycetes, Smith has described and illnstrat- 
ed a disease of PhylUtts Scolopendrium which he said was caused by a 
parasitic M.yxomycete, Didymium effusum Link, His account was based 
on a single specimen sent from Cornwall. The frond was curiously forked 
and distorted and more or less covered on both sides with the little greyish- 
white sporangia which occurred on sori as well as on the vegetative parts of 
the frond. No mention was made of any pathological symptoms apart from 
the malformation. This Myxomycete is common as a saprophyte and 
Smith himself points out that it is unlikely to attack perfectly healthy 
ferns. It seems, therefore, doubtful whether the Myxomycete was really 
responsible for the symptoms observed. 

The plasmodia of certain Myxomycetes, for example Spumaria alba DC. 
and Physamm gyrosum Rost., are said to be harmful to fern fronds under 
moist conditions. They should probably, however, be regarded as epiphytes 
rather than as parasites, for there is no record of any penetration of the 
host tissues. Nevertheless, if present in large quantity, they do cause dis- 
ease by cutting off supplies of moisture, light and air from the underlying 
fronds. Jarocki has listed the following species as parasites on ferns: 
Craterium minuUim Fr., Leocarpus fragilis Rost., Diachaea leucopoda Rost. 
and Didymium difforme Du by all on Pteridmm aquilinum, also Stemonitis 
flavogenita Jahn on Phegopteris Dryopteris. The above remarks on the 
relationship between Myxomycete and fern probably apply also to these 
records. 

Bacterial diseases. There is a well-known disease of ferns which has always 
been attributed to Nematodes. Brown discoloured areas appear on the 
fronds, the exact form varying considerably according to the species 
attacked, but the spots are often sharply delimited by the veins of the 
frond. A recent paper by Aggery maintains that this disease is caused by 
bacteria which are introduced into the tissues by the Nematodes. Infection 
experiments with cultures of these bacteria showed that they produced all 
the typical macroscopic and microscopic symptoms without the aid of the 
Nematodes. The worms enter the fronds through the stomata in order to 
lay their eggs in the intercellular spaces; they bring with them bacteria 
which normally live as saprophytes in the soil. Four different types of 
bacteria were observed but were not identified, there appears therefore to 
be no one specific organism which is the sole cause of the disease. 

Another bacterial disease has been described by the same author on 
Polypodium vulgare, P. vulgare var. serratum and P. cambricum. The 
earliest symptom is the appearance of yellowish spots on the fronds. These 
gradually turn brown, commencing at the centre. Often the midrib be- 


q Smith, W. G., Gard. Cliron., II, 72-74, 1882. 

-) Jarocki, J., Acta Soc. Bot. Polon., II, 183-199, 1924. 
q Aggery, B., Bull. Soc. d’Hist. Nat. Toulouse, LXVIII, 5-201, 1935. 
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comes infected which results in the death of the distal portion of the frond. 
Bacteria are abundant in the diseased tissues. They attack chloroplasts and 
nuclei, ultimately destroying these. The infected cells and intercellular 
spaces become filled with a brown gummy substance. In severe cases the 
bacteria pass down the petiole to the rhizome, and fronds developed sub- 
sequently are dwarfed and malformed as well as being affected with the 
yellow spots. A rod-shaped bacterium was isolated which produced typical 
symptoms when artificially inoculated into healthy ferns. The bacteria 
enter the frond by the stomata or through wounds and insect punctures. A 
fungus, Sphaemlina Polypodii Agg., often developed on the dead spots but 
this organism was shown to be purely saprophytic. 

Virus diseases. Although no decision has yet been reached by pathologists 
as to the parasitic nature of virus diseases, it may be of interest to conclude 
this section with a brief reference to certain records of virus infection in 
ferns. Hino recently published a list of Japanese plants susceptible to 
‘‘mosaic and mosaic-like diseases” which included ten species of the Poly- 
podiaceae, namely Asplenium incisum, A, Wrightii, Atliyrium coreanum, 
Dryopteris erythrosora, D. sophoroides, Conio gramme ]aponica, Nephrolepis 
cordifolia, Pteridium aquilinim var. japonicum, Pteris longipinmda and 
Woodwardiaradicans var. orientalis. TYitTe was a brief introductory note on 
the economic aspects of mosaic diseases but no mention of experimental 
work. It seems possible, therefore, that he was only dealing with some of 
the many types of non-infectious variegation known to occur in ferns. A 
second paper by the same author described and illustrated certain 
malformations of ferns said to be due to virus infection. Unfortunately the 
present writer has been unable to obtain either the paper, which is w'ritten 
in Japanese, or a summary of it, thus it is impossible to give details of tliis 
record. 

h) Equisetinae. — Comparatively few parasitic fungi have been 
recorded on Equisetum, the only living genus of this class. Schaffner '^) 
has published an account of the ravages of a Discomycete, Stamnaria amer- 
icana Mass, et Morg., on E. praealium in Ohio. Large lesions ap})eared on 
the lower internodes and finally became so extensive that the shoots were 
killed. The orange apothecia developed in more or less longitudinal row\s and 
bore a superficial resemblance to the pustules of a rust. S. Equiseti (Hoffm.) 
Sacc. is also known as a parasite on E. arvense and E. hiemale. Among the 
Fungi Imperfecti Gloeosporium Equiseti Ell. et Ev. occurs on E. arvense, 
E. hiemale, E. laevigatum, E. limosum and E. sylvaticum, wdiileG. Krieger- 
iammi Bres. attacks E. arvense. Fusarium Equiseti (Cda.) Sacc., F. aven- 
acenm (Fr.) Sacc. and F. hulhigenum Cke. et Mass, all invade the under- 

q Hino, I., Bull. Miyazaki Coll, Agric. and For., V, 97-1 11, 1933. 

q Hino, I., Journ. Japanese Bot., X, 377-380, 1934, No. 6. 

q Schaffner, J. H., Amer. Fern Journ., XXI, 75.- 1931. 
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ground parts of Equisetum spp. and also cause diseases of various important 
economic plants. Popp described Fusarium graminearum [F. roseimi ~ 
i Gihherella Sauhinetii) attacking and killing Equisetum-, this fungus is a 
dangerous parasite of cereals. 

Jarocki 2) has recorded a Myxomycete, Crateriuni minnium Fr., as a 
parasite on E sylvaticum, but in all probability the organism was only an 
epiphyte, though possibly causing injury by purely mechanical means. 

c) Lycopodiinae. — Myiocopron Lycopodii Rostr. causes a 
disease of Lycopodimn complanaium and L, chamaecyparissus in Denmark. 
The minute black perithecia of the fungus break out all over the affected 
plants, Leptosphaeria marcyensis (Peck) Sacc. attacks living plants of L. 
Selago and L. annotimtm, subsequently forming perithecia in the dead 
leaves and stems. Leptosphaeria Crepini (West.) de Not. has also been 
described as a parasite on L. annotinum and L. clavatum, blackening the 
sporophylls by the abundance of its perithecia. A number of other fungi 
have been recorded on various species of Lycopodium but no definite 
statements were made regarding their parasitism. 

Isoetes is the host of four very interesting parasites. A smut, Ustilago 
Isoetis Rostr., was described by Rostrup on L lacustre from Denmark. 
The light brown, spherical spores develop in the bases of the leaves. Rhizo- 
phidium Sphaerotheca Zopf ^) attacks and kills microspores of J. lac^istre 
and I. echinospora lying in water. This fungus belongs to the Chytridiales. 
A delicate branched mycelium or haustorium is formed within the spore 
and a sporangium on the surface. As many as twelve parasites may occur 
on one Isoetes spore, and they bring about changes in the spore content, 
converting it into large oil drops which are used by the fungus. The 
sporangia give rise to minute uniciliate swarm spores which bring about 
fresh infections. No resting spores are formed by this species. Zopf also 
observed another parasite which formed from 2 to 4 thick- walled resting 
spores inside the Isoetes spores. He did not name the organism but stated 
that it showed certain affinities with the Monadaceae, k family of Flagel- 
lates. Ligniera Isoetis was described by Palm ^) from Sweden in 1918, It is 
a member of the Plasmodiophoraceae, a group of organisms allied to if not 
included in the Myxomycetes. The parasite lives in the leaves of Isoetes 
lac^istre, producing irregular brown spots on them. The colour is due to 
accumulations of spore-balls within the parenchyma cells. Each ball is 
hollow and almost completely fills its host cell, conforming to the shape of 
this. They are eventually set free by the decay of the invaded leaves. The 
method of germination and infection was not described, but a study of 

h Popp, M., Oldenburg Land w. BL, XXV, 400, 1931. 

Jarocki, 

3) Rostrup, E., Bot. Tidsskr., XXVI, 306, 1905. 

h Zopf, Abhandi. Naturf. Ges. Halle, XVII, 92, 1888. 

q Palm, B., Svensk Bot. Tidskr., XII, 228^232, 1918. 


i56 MARY J. F. GREGOR, ASSOCIATIONS WITH FUNGI 

early phases of the disease revealed the presence of small amoebae in the 
cells. These grew at the expense of the cell contents, forming a plasmodium 
which in turn gave rise to the dark-coloured spore-balls. 

Selaginella is sometimes attacked by Pythium Debar yamm which causes 
'damping off under greenhouse conditions. Synchytrmm Selaginellae Soi^- 
OK. has been recorded on Selaginella sp., and Taphrina Selaginellae P.H. on 
S, Menziesii, Olson has described a curious fungus, Acrospermum ur- 
ceolatum Olson, parasitic on 5. rupestris. The small dark fructifications 
develop on the upper surface of both sporophylls and foliage leaves, either 
singly or in groups. They are vase-shaped with a wide apical aperture, and 
it is difficult to decide whether they should be regarded as apothecia or 
perithecia. The mycelium does not penetrate far into the tissues of the host. 
Melandtaenium Selaginellae Henn. et Nym. ‘^) is a smut that grows in the 
stems and bases of the leaves oi Selaginella in Java. The spores are at first 
brown, later black, and covered with warty outgrowths. They onty germin- 
ate after being set free by the decay of the host plant. Another smut, 
Entyloma polysporium (Pk.) Farl., was recorded by Singh on S. chryso- 
caulos in India. Irregular brown or black patches developed on stems and 
leaves due to the presence of dark-coloured, thick- walled spores in the tis- 
sues. These occurred throughout the mesophyll of the leaf but only in the 
more superficial layers of the stem. Owing to an inadequate supply of 
material the full life-history of the fungus could not be investigated. 

§ 5. Symbiosis and Epiphytism. — If one excludes mycorhiza, which 
are being discussed in the following chapter, the only remaining case of 
symbiosis is the well-known association of the water fern Azolla with the 
blue-green alga, Anahaena Azollae, Most of our information on the niorphol- | 
ogical aspect of this association is derived from the detailed account of tlie 
fern by Strasburger The growing point of the stem is sharply curved ^ 
and in the resulting hollow on the. dorsal surface lie some filaments of the 
alga. From here they pass into the cavities that develop in the upper seg- 
ments of the leaves. Some of the epidermal cells lining these cavities bear 
curious hairs consisting of a stalk and a swollen club-shaped terminal 
portion. Similar hairs, either simple or branched, are also found among the 
algal filaments on the dorsal surface of the growing point. Some filaments 
of the alga penetrate beneath the indusium of the developing sporangia and 
there change to a resting condition. When the embryo begins to form these 
resting cells divide and give rise once more to characteristic filaments 
which become ensconced on the stem apex of the embryo. Strasburger 
found the a lga present in every plant he examined of all the species of 

q Olson, M. E,, Bot. Gaz., XXIII, 367-372, 1897. 

-) Hennings, P., Monsunia, I, 2, 1900. 
q Singh, T. C. N., New PhytoL, XXIX, 294-296, 1930. 

Strasburger, E., fiber 1873. 
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and since the fern showed no symptom of disease he decided that 
it must be a case of symbiosis. That view was generally accepted, and it has 
been suggested that the alga is capable of assimilating atmospheric 
nitrogen while the swollen hairs of the fern absorb some of the resulting 
nitrogenous products. The alga, on the other hand, benefits by the pro- 
tection derived from the fern and perhaps also receives some supply of 
carbohydrates from it. All this, however, was pure hypothesis until Oes 
experimented by growing Azolla on a nitrogen-free nutrient solution and 
found that the fern could indeed thrive under such conditions. Later 
Limberger made an important contribution to our knowledge of this 
association by cultivating plants of AzoUa freed from the alga. He found 
that growth and vegetative reproduction proceeded as usual and that the 
plants could scarcely be distinguished macroscopically from 'hiormar’ 
ones containing the alga. He therefore concluded that under the ordinary 
conditions of cultivation the fern is not dependent on the alga. After a few 
months, however, the alga-free ferns developed some curious abnormalities 
in the swollen hairs lining the no’w-empty leaf cavities. Sometimes several 
club-shaped cells appeared one above the other on the stalk cell, while 
occasionally the swollen apical cell never formed at all. But after prolonged 
cultivation without the alga these abnormal hairs disappeared. There was, 
nevertheless, a gradual increase in the length of the normal hairs, the 
terminal cells of which became densely filled with some albuminous 
material Marked accumulations of starch were also observed in the leaves. 
Following up the line of investigation suggested by Oes, Limberger 
cultivated ''normal' and alga-free ferns both on Knop’s solution and on a 
nitrogen-free nutrient solution. On Knop’s solution both types of fern grew 
well and reproduced vegetatively, but on the nitrogen-free solution the 
alga-free Azolla gradually died out while the "normal' ferns flourished. 
Thus proof was furnished that the algal association is obligatory for the 
fern when it is growing on a medium which is deficient in nitrogen but is 
not a necessity if an adequate supply of combined nitrogen is available. 
The association of the two organisms may therefore be regarded as a 
conditional symbiosis. 

As pointed out in the introduction to this chapter, representatives of all 
classes of lower plants may be found growing epiphytically upon Pterido- 
phytes. This type of association is much commoner in moist tropical 
climates than in the temperate regions, and it is sometimes difficult to 
distinguish between epiphytism and parasitism since the former may on 
occasion also result in direct injury to the tissues of the host plant. More 
commonly, however, the injurious effect, if present at all, is general rather 


h Oes, A., Zeitschr. 1 Bot., V, 145, 1913. 

“) Limberger, A., Akad. Wissensch. Wien, Math.-naturw. KL, CXXXIV, 
1-5, 1925.:., 
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than localised and is due to restriction of light and gaseous exchange. Some 
epiphytes are confined to particular hosts or groups of hosts and it is possi- 
ble that they may have a chemical as well as a mechanical relation to their 
supporting plant. Many others, however, grow equally well on a wide 
range of plants or even on dead wood and stones. 

To this latter group belong the innumerable algae that are found as 
epiphytes upon ferns. Sometimes the prothallia are overrun to such an 
extent that their development is checked, they remain sterile and are 
ultimately killed. Maurizio i) has given an interesting account of the 
nature and extent of the injury to ferns caused by heavy infestation with 
epiphytic algae. Fronds with a thin epidermis are more seriously affected 
than those with thick-walled epidermal cells. Frequently only the upper 
surface is invaded but under favourable conditions the algae may extend 
also to the lower surface and block the stomata. Sometimes they even 
burst open the guard cells by purely mechanical pressure and enter the air 
space below, but they cannot be regarded as in any way parasitic. 

The Myxomycetes which have already been discussed in the section on dis- 
eases (p. 1 53) should probably be regarded as epiphytes rather than as para- 
sites, but it was thought preferable to treat them under the heading of dis- 
eases since they had been recorded as parasites by the various authors 
quoted. 

There are many epiphytic fungi, some of which represent conditions 
intermediate between true epiphytism and parasitism. Fisher has cle- 
scribed a sooty mould of the tree fern Dicksonia caused by an epiphytic 
fungus, Teichospora salicina (Mont.) Gau. It forms a dense black film on 
the fronds and produces an abundance of perithecia and pycnidia, but 
remains entirely superficial. Another interesting epiphytic fungus has been 
described by Sydow ^) from Venezuela. It formed tiny white flecks on the 
lower surface of some fronds of Diplazhim expam'um wYiost upper surfaces 
were covered with epiphytic algae, mosses and lichens. The fungus formed 
white membranaceous stromata on which were borne the asci, Sydow 
created a new genus and species for this peculiar form which he named 
Nipholepis filicina. He stated that it bore some resemblance to Myxoiheca 
hypocreoides Ferd. et Winge, a species which has, however, been studied 
in detail by Thaxter ^) and found to be a lichen ; it occurs on Trichomanes 
pinnatum and various other ferns and flowering plants in Trinidad, and is 
now known as Arthoniacandidaydj:, hypocreoides (Feed, et WiNGJi:) Vainio. 

Lichens, mosses and liverworts may all occur as epiphytes on Pterido- 
phyta, but no useful purpose would be served by considering them more fully 
in this connection, since the association is not in any way an intimate one. 

q Maurizio, a., Flora, LXXXVI, 113-142, 1899. 

2) Fisher, E. E., Proc. Roy. Soc. Viet., XLVII (N.S.), 387-388, 1935. 

3) Sydow, H., Ann, Myc., XXXIII, 93, 1935. 

q Thaxter, R., Mycologia, XIX, 160, 1927. 
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MYCORHIZA 

von 

H. Buegeff (Wurzburg) 

§ 1. Einleitung, — Fame sind im allgemeinen Bewohner feucliten unci 
humosen Substrats und tragen selbst in starkstem Masse zur Humificierung 
des Bodens bei; sei es dass sie mit ihren feinverzweigten Wurzeln Mineral- 
boden auflockern und durchlassig macben und absterbeiid als Humus zu- 
riickbleiben, sei es dass sie sich als Epiphyten in der Traufe der Baume als 
Humussammler ausgebildet haben, die ihn mit den mannigfaltigsten Orga- 
nen test zuhaiten und als Nahrung zu verwenden wissen. 

Humose Substrate zeigen sauere Reaction; Fame sind im allgemeinen 
acidophile Pflanzen. In saueren Boden herrschen Pilzmycelien vor; sie 
mineralisieren die absterbende organische Substanz und macheii sie wieder 
fur die griane Pflanze aufnahmefahig. Sie leben in der Rohhumuszone; der 
eigentliche unter Sauer st of fabschluss gebildete echte Humus wird von 
ihnen kaum angegriffen, wenn nicht von neuem Sauerstoffzutritt und 
Abbau dieses fossilen Materials erf olgt. 

Die Wurzeln aller l^arne leben somit in engstem Contakt mit den Pilz- 
mycelien und haben sich mit ihnen auseinanderzusetzen. Beziehungen, die 
seit Jahrmillionen bestehen, haben feste Form angenommen; sie sindiiber 
die Stufe des Parasitismus hinausgewachsen zur Symbiose in weitester Fas- 
sung des Begriffs. Die nurparasitischen Verhaltnisse sind im vorigen 
Kapitel ausfuhrlich behandelt. 

Scheiden wir den eigentlichen oder kteinotrophen und den symbioti- 
schen Parasitismus aus, so bleiben Formen der Symbiose aller Grade zwi- 
sell en den unterirdischen Teilen, Wurzeln und Rhizomen der Fame mit 
Pilzmycelien iibrig, Vereinigungen, die wir gewohnt sind als Mycovhiza 
zii bezeichnen. 

Nach der Auffassung der meisten heutigen Botaniker schliesst der Aus- 
druck Mycorhiza Falle aller Art von Wurzel- oder Rhizomverpilzung ein. 
Ein Nutzen fiir die griine Pflanze wird aus dem Bestehen einer solchen Yer- 
bindung nicht von vornherein vorausgesetzt, Es gibt aber viele Falle, wo die 
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Verpilzung der Pflanze Vorteil bedeutet und ebensoviele, wo sie nicht weg~ 
ziidenken und als obligate Symbiose Voraussetzung fiir die Existenz der 
Pflanze wird, indem sie sie periodisch unabhaiigig von der Photosyntliese 
inacht und ihr ein Leben als Saprophyt gestattet. 

Alle Stufen kommen bei den Farnen vor. Schon bei Farnpflanzen der 
Steinkohie finden war die charakteristischen Mycelien in den Zellen der 
Wurzelrinde und die nach deren Resorption entstandenen klumpigen 
Excrete. (Weiss 1), Osborne 2)). 

Wie E. Stahl festst elite sind manche Stamme wie die Equisetales und 
die Hydropteridales pilzfrei. Spatere Untersucher haben das bestatigt. Bei 
anderen nimmt die Mycorhiza niedere Form der Ausgestaltiing an und ent- 
spricht einer weit verbreiteten Form der Samenpflanzen und der Bryopliy- 
ten; so bei den leptosporangiaten Farnen und den lieterosporen Lycopo- 
•i^'iales, 

Nur be 3 systematischen Gruppen hat sie hohere Ausgestaltung bei auf- 
fallender Leistung erfahren: Unter den Eusporangiaten schliessen sich die 
Marattiales noch eng an die Filicinae Uptosporangiatae an, zwar obligat 
verpilzt, aber ohne deutliche Abhangigkeit von der Verpilzung. Anders die 
Ophioglossales, welche in samtlichen Formen saprophytisch-mycotroplie 
Prothallien filhren; ebenso wie die Die merkwlirdigste Aiisge- 

staltung hat die Mycorhiza bei den isosporen geiiommen. 

Ihre Sporophyten sind meist autotroph, ihre Gametophyten zeigen aber 
verschiedene Grade fortschreitender Compliciertheit der Mycorhiza, die bei 
vielen zum Holosaprophytismus fiihrt. 

Die g e s c h i c h 1 1 i c h e E n t w i c k 1 u n g unserer Kerin tnisse 
liber die Farnmycorhiza lasst sich nicht ohne Zusammenhang mit der Ge- 
schichte der Mycorhiza selbst schildern. M. C. Rayner hat in ihrern Bucli 
,, Mycorhiza'' (London 1927) diese Entwicklung eingehend behandelt, viel 
eingehender als es mir der hier zur Verfiigung stehende Raiini gestattet. 
Zudem ist die Aufklarung der mycorhizalen Verhaltnisse bei den Farmii in 
engstem Zusammenhang mit der entwickiungsgeschichtlichen Eriiirsclumg 
der verschiedenen Pteridophytenstamme erfolgt und nur gelegentlich Ob- 
ject besonderer Studien gewesen. So hat sie aiich stets in der Aufdeckung 
anatomischer und cytologischer Bef unde best anden, auf grund deren man 
liber die Beziehungen physiologischer Art zwischen den Symbionten die 
verschiedensten Vermutungen, meist sehr allgemeiner Art, ausspracii. 
Wahrend bei den Samenpflanzen, bei Orchideen, Erieaceen, Pirolaceen und 
Monotropaceen, auch bei der Baummycorhiza schone Ergebnisse experi- 


p Weiss, F. E., A mycorhiza from the lower coal-measures, Ann. of For. 18. 
255-266 (1904). 

q Osborne, T. G. B,, The lateral roots of Amyelon radicans Will, and their 
mycorhiza. Ann. of Bot. 23, 603-611 (1909). 

3\ Qt-atjt T+ Qi-i-iri flAr M\7r'r\rKi'5'AnKiMi-trio' TaBrh f Hnf vld ( 1 OdOi . 
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I ell physiologisclier Untersuchung Y^orliegen, steckt die Analyse der 
mycorhiza nocli in den allerersten Anfangen. Das liangt damit zu~ 
Lien, dass es bislier niemals gelungen ist die Pilzsymbionten der Fame 
der Kiiltnr zu erhalten und die Synthese der Symbiose in Reinkultur 
izufiihren. 

e A r t d e r P i 1 z s 3^11 b i o n t e n ist hieran schuld. 
le Fame fiihren die Phy corny coide Mycorhiza. Die Piizmycelien siiid viel- 
g, querwandlos, bilden blasige ,,Vesikerb eine Form der Verpilziing, 
iich bei Samenpflanzen selir verschiedener Familien der G 3 minosper- 
und Angiospermenbeobachtetist, Janse ^), Gallaud Peyronel 
is ^) u.a. 

tr zytologische Ban der Mycorhiza, insbesondere die Form der Organe 


dgs Austausches geben heute — unter Verwendung der Analogien mit Fal- 


ileii bei den Samenpflanzen — die Moglichkeit der Klassificiemng. 

I 'Vier Typen bestehen bei den Farnen: Thamniscophage, tolypothamnisco- 
whage, ptyophage und chylophage Mycorhiza. 

I Die von den Orchideen, den Pirolaceen und Ericaceen bekannte tolypo- 
fibage Form kommt bei den Farnen nicht vor. 


I .§ 2. Thamniscophage Mycorhiza. — Es handelt sich bei diesem 
pTypus um einen ausserordentlich weit verbreiteten, dem gewisse primitive 
plerkmale eigen sind, Janse's Beobachtungen an einer Selaginella-Krt do-s 
-jjavanischen Urwaldes mogen hier als Beispiel dienen und in die Frage nacli 
fider Beurteilung der Mycorhiza einfiihren : 

I Querwandlose Piizhyphen dringen aus dem umgebenden Erdboden in 
fdie ausseren Zellen der Wurzelrinde ein, gelangen sich verzweigend in die 
tiefer liegenden Zellschichten und treten hier in die Inter cellularraume 
'/liber, denen sie hauptsachlich der Lange nach verlaufen. Hier entstehen 


•zahlreiche terminale x\nschwellungen oder ^Vesikeh’, die Reservestoffe 


I qjeichern (Fig. 1 a, b) . Zweige der interzellularen H^^phen dringen nun nach 
Art von Haustorien in das Innere der angrenzenden Zellen, wo sie sich fein 
v^erasteln. All diesen Asten entstehen dann die sogenannten ,,Sporangio- 
Men’’, angenahert kugelige Oder unregelmassig gestalt ete Korper mit war- 
'fAger Oberflache, die nach Janse auf kugelige Inhaltsmassen (^spherules”) 


Janse, J. M., Les endophytes radicaux de quelques plantes javanaises, Ann. 
Jard. Bot. Buitenzorg 14, 53-212. pL V-XV (1897). 

“) Gallaud, J., Etudes sur les mycorhizes endotrophes 'Rev. gdn. Bot. 17, (1905). 
3) Peyronel, B., Prime richerche sulle micorize endotrifiche e sulla microflora 
I'adicicola normale delle Fanerogame. Rivista di Biol. 5, 463-485 (1923), l.c. 6, 
:<aii>£i924P 

A mycorhizal fungus in the roots of Legumes and some other 
Agric, Res. 29 , 459-470 (1924). 

Plants. Journ. o|t ■9'aY;vtsxoq — kleiner Strauch = arbusculus. 

^"“erkunAology U 

Manual nf TD4.-_> r" ■ ■ ■ 


Fig 1 — a, Selaginella spec. Infektion und Verpilzung dcT 

Tanse). — 6, Selaginella spec. Terminale und intercalare \esjkcy..^.-^ ^ 

Ten Hyphen der inneren Wurzelrinde (nach Janse). c , 
giolen in drei Entwicklungsstadien (1-3) (nach Janse). -— d , AUi 
um, zwei Zellen mit zwei Arbuskein, das eine im Bepnn der hin and Uioir 
Gallaud). — e-k, Psilotum triquetrum. Fortlanfende Stadien cU 
nns; in den Zellkernen der Verdaunngszellen (nach 
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zuruckziifilhrenist. (Fig. lc).Die Sphexulae sollen feine graniilae („granii- 
les’") entlialteii, die frei werden mid die Zelle mit einergranulierten Masse 
und Oeltropfchen erflillen. 

Die Natiir der „Sporangioleii” hat Janse nicht erklart, doch schliesst 
er die Moglichkeit aiis, dass es sich um irgendwelche Fortpflanzuiigsorgane 
des Pilzes handeiii konne. 

J. Gallaud untersucht zalilreiche Pflanzen, so Lebermoose, Mono- 
und Dikotylen und findet wieder querwandlose oder — arme Pilze mit zu- 
samnieiigesetzten oder einfaclien Flaustorien, fur welcbe er den generellen 
Ausdruck Arbuskeln (,,arbuscules’’) pragt. An ihnen entstehen die ^Spo- 
rangiolen” Janse’s teils terminal („arbuscules sim.ples”) (Fig. W)Aoils 
lateral (,,arbuscules composes)’’. 

Gallaud cleutet die Sporangiolen als Reste verdauten Pilzmaterials, 
die sich je nach ihrem Gehalt an organischen Stoffen verschieden 
Farben. 

Bei meinem Referat liber Symbiose im Handworterbuch der Naturwis- 
senschafteii IX, S. 812 (1934) rechnete ich Jaftse’s und Gallaud’s „Spo- 
rangiolenmycorhiza” zu dem 1932 aufgestellten Typus der Ptyophagen 
Mycorhiza, allerdings unter Hinweis auf gewisse Ubergange zur tolypopha- 
gen Form. Nachdem ich nun die Farnmycorhiza nachuntersucht habe, 
komnie ich zu dem Ergebnis, dass dies nicht moglich ist. Bei der ptyopha- 
gen Mycorhiza werden junge noch wachsende, meist unverzv/eigte Hyphen 
zum Platzen und zum Plasmaerguss gezwungen. Das Plasma wird von der 
Zelle resorbiert, die Reste werden durch Celluloseauflagerung aus der Zelle 
ausgeschieden.. Manchmal werden ausgestossene Plasmaballen auch nach 
kurzem selbst an digem Leben und eigener Wandbildung verdant (Ptyogene 
Vesikel). 

Bei den meisten der von Gallaud untersuchten Pflanzen und ebenso bei 
vielen Far nen findet dagegen eine Agglutination der ganzen Haustorien 
oder Arbuskeln statt, also eine Einschmelzung von alteren ausgewachsenen 
Hyphenverbanden (gelegentlich auch von Vesikeln), die cler tolypophagen 
Mycorhiza viel naher steht und hier als Thamniscophage Mycorhiza he- 
zeichnet werden soil. 

a) P r i m i t i V e F o r 111 e n 

In der Einleitung zu diesem Kapitel ist bereits der Fall der von Janse ®) 
beschriebeneu Selaginella geschildert. Auch Bruchmann ^) hat bei der 
europmschen Selaginella spinulosa Verpilzung der Wurzeln festgestellt. 

q Gallaud, 1,c., S. 161 

“) Burgeff, H., Saprophytismus und Symbiose, Studien an tropischen Orchi- 
deen, Jena (1932). 

3) Janse, l.c., S. 161 

q Bruchmann, H., Untersiichungen uhex Selaginella spinulosa. Gotho.: FQTth.es 
(1897). 
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Andere Arten schienen pikfrei - wenigstens in Kultur {SdagineUa Lyal 

Sdich? Art sind mchgewiesen bei griinen Prothallien von Cxi 
cheniaceen und Osmundaceen (Campbell ‘‘=)) Genauere Untersuchun^ 

^^^wlhrsdilinUch hierher gehorig ist auch die merkwlirdige A'erpilzin 
der rhizoidtragenden Kugelzellen an dem Fadenprothallium der SUn.a. 

bed«f di. oHiga,e Mycorl,i.a der Mar 

tiaceen, die eigeiier Ziige nicht entbehit. 

S ^rzelrinde von Mara_ 

zeln gru^ie” Massen, von denen er nach Beobachtungen an OphiogU 
glaui, dass sie durch Pilzhyphen verursacht werden, Klhe •) be- 
obachtet die Entstehung der Excretklumpen aus Vesikeln und ^mgeben- 
den Hyphen.' Seine Isolierungsversuche des Pilzes in KosinenbafGHange- 
fropfenLf dU Objecttrager geben Mycel mit verschiedenerlei Conidien- | 
formen. Auch\CAMPBELL ^), und Chaeles «) beschaftigen sich mit diesen i 

^Sihr eingehende vorzugliche Bearbeitung der Maratticeenmyco- 
rhiza stammt Von C. West ’). Der Autor findet samtliche Gattungtui und 
Arten mit seltenen Ausnahmen einzelner Pflanzen verpilzt, so Angioptu i,, 
Marattia, KaMjussia, Archangiopteris und Danaea. ^ 

Das querWandlose kraftige ungleichmassig dicke Mycel des Pilzes dringt 
. ohne Scheidkbildung in die Zellen der Epidermis und der ausseren M in zel- 
rinde ein uhd verzweigt sich sparlich in diesen ZeUschichten. In dtii c 
ren Schichten wird es interzellular und entsendet, den Intercellularen cnt- 
lang wachsend, zahlreiche Haustorien in die angrenzenden Zellen Dm H aus - 
orialhypben verzweigen sich ungemein stark und werden in lesei 


1) Brcchmann, H., Von den Vegetationsorganen dex Selaginella Lyalin Spring. 

Flora 99, 436-464 (1909). ' r.r . 4 , 

1=) Campbell, D. H., Symbiosis in Fern-Prothallia. The Amer. Mit. 42. io4 -16.-. 

^^^)°^BrittoN, E. G., and Taylor, A., Life history of Sohimea pusiUa.Biill lorroy 

Bot. CL 28, 1--19 (1901.)., : , , ^ 

■<) Rossow, J.. Vergleichende Untersuchungen der Leitbundel-Ivryptogamei . 

\I6m Akad. Imp. Sc. de St. P6tersbourg 19, (1872). 

* =) KOhn, V. R., Untersuchungen iiber die Anatomie der Marattiaceon und 
andere Gefasskryptogemen. Flora 72, 457-504 (1899). o*!-.. 

0) Charles, G. M., The anatomie of the sporeling of Maratha alata. Lot. Gaz. 
51, 81 (1911). r ■ f + 1 ,. 

•) West, C., On Stigeosponum Marattiacearmn and the mycorhiza ot ti t 
Maraitiaceae. Ann. of Bot. 31, 77-99 {1917). 



Fig. 2. — a, Lycopodium Sewage?, Spore zu Beginn der Keiinung. — 5 

Empfangnisstadium, — Stadium mit entwickelter Mycorhiza. — e, Haarfiiss 
ferzenzelie. — c, L. clavatum, Erste Infektion des Sporenkeimlings (nach Bruch 
MANN). — f. Ophioglossum pendulum, zwei Monate alter 'Keimling,^ 4 
stehend, die basale Zelle durch eine Pilzhyphe inficiert, die bereits eine ,, 
ation” erleidet (nacll Campbell). — Stigeosponum mar atti ace arum West 
„Ruhesporen’' aus den Geweben der Pflanzeri (nach West). — k, Galeola hydv 
' Structur der Rolirentiipfcl. — m, Gastrodia Rdhrentupfel auf Zellw^a^ 

und PilzhypKen (nach Burgeff) . 
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zii Arbiiskeln. Die Arbuskeln verlieren ihre Form unci gehen in granulare, 
structuiiose, klumpige, stark liclitbrechende Massen {,,Sporangiolen’') 
liber, die bereits mit blossem Auge in den Schnitten sichtbar sind. vSic 
farben sich mit Jodlosung gelb und bleiben in SO 4 H 2 und KOH unveran-^ 
dert. Schieimkanale und Gerbstoffzelien werden nicht vom Pilz bertihrt 
Ausserdem biidet der Piiz die ublichen Vesikel als ^temporary reserve or 
gans”, die spat er entleert werden, und ,, resting spores'' : kugelige dick- 
wandige,mit dreifacher Membran versehene olerflillte Gebiide (Fig. 2g_.^), die 
an Oogonien erinnern, mangels der Antheridien aber nicht mit solcben 
identisch sein konnen. West vermutet, dass sie nach dem Absterben der 
Wurzel den Pilz regenerieren. Isolierungsversuche sind vergebiich. W. halt 
den Pilz fiir nahe verwandt mit der Gattung Phyiophthora und beschreibt 
ihn zum Unterschied. von dieser als conidienfreie neue Gattung und Art 
Stigeosporium Marattiacearum. 

Die Mycorhiza von Danaea weicht nicht unbetrachtlich ab. Sie ent- 
wickelt sich hier in den ausseren Schichten der Wurzelrinde, die von den 
inneren durch eine sclerenchymatische Scheide getrennt sind. Das Mycel 
zeigt gleichmassigeren Durchmesser und ist intracellular (da Intercellula- 
ren augenscheinlich fehlen). Ebenso fehlen die ^resting spores”. Die ZelF 
kerne sollen sich nicht vom Hypheninhalt abheben. West vermutet 
das Vorhandensein eines von dera Stigeosp or viim abweichenden Sym- 
bionten. 

Um einen eigen en Standpunkt zu gewinnen, habe ich die Marattiaceen- 
mycorhiza an Marattia alata und Angiopteris evecta nachuntersucht. Z)cr- 
;M^?i^-Pflanzen standen mir leider nicht zur Verfugung. 

Der intercellulare Veriauf der Hyphen in der Innenrinde, — - die Zell- 
schichten der Aussenrinde haben keine Interzellularen — ist sehr demon- 
strativ, besonders dadurch, dass die inficierten an die Intercellularen gren- 
zenden Zellen an den Tlxpfeln nach innen gerichtete Celluloseemergenzen 
aufsetzen, die als Reaction auf eindringende Reizstoffe des Pilzes gedeutet 
werden miissen (^Rohrentiipfel” vgl. Burgeff ^), S. 178). Die in die Zellen 
eindringenden Haustorialhyphen sind sehr zahlreich in jeder Zelle, ihre Ver 
zweigung zu Arbuskeln ist wenig deutlich (in den WESX-schen Plguren 
auch nicht nachzuweisen) . Schon nach den ersten Verzweigungcn zu Ar- 
buskeln scheint Einschmelzung von Hyphen vorzukommen. Klarc Bilder 
von Arbuskeln fehlen. Neben amorphen Massen, die sich mit „Glycogenjod 
nach A. Meyer” griinlich, mit Chlorzinkjod an Microtomschnitten blau- 
lich farben (Amyloid) und nur sparliche Flyphenreste enthalten, finden sich 
bedeutende Massen ^^lebenden Plasmas” mit ungemein zahlreichen j\Iito~ 
chondrien vermischt. Die ganzen Vorgange der Resorption des Pilzmate- 
rials weichen von den liblichen Bildern ab, und bediirfen noch genauerer 
Untersuchung. Fig. 3 oben mag hier eine Vorstellung der Marattia alata- 


h Burgeff, H., Saprophytisnaus iind Symbiose, Jena 1932. 



; 1) Milde (1869) cit. in Grevillius (1896) siehe unten. , 

' -) Russow, l.c. S. 164. 

' 3^ Atkinson, G. F., Symbiosis in the roots of Ophioglossaceae. Proc. Am. Ass. f. 

the Advanc. of Sc. 254/55 (1894). ^ ^ 

!' ^) Grevillius, 2\. Gber Mycorhizen bei der Gattung Botvychium nebst 

':einigeri Benierkungen uber das Auftreten von Wurzelsprossen bei B. virginianum 
i Swartz. Flora 80, 445-453 (1895). 

5) Campbell, l.c. S. 164. 

I e) BoNiKE, L., Sur les mycorhizes endotrophes des Orchiddes, Pirolacees et 
^.[Ophioglossaceae. Trav. de Nat, a TUn. Imp. de Kharkow 43, 1—32 (1909). 
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geben. Die intracellularen Vesikel werden nicht zerstort, son- 
" .i:n zu , resting spores” . Der Materialgewinn der Pflanze bleibt problema- 


If .i- D i e li 0 c h e n t w i c k ed t e F o r m d e r O p h i o g 1 o^s s a c e e n, . 

Milde beobachtete in den Wurzelrindenzellen von Botrychium „teig- 
r’ Linliche’’ Massen, Russow ‘^) fand daneben Pilzhyphen. Atkinson nn- 
^^iirsiicht ein Dutzend Arten von Botrychium und Ophioglossum und findet 
[ . [e Arten verpilzt. Grevillius beobachtet die Mycorhiza bei alien un- 

' -^ersuchten scandinavisclien, europaischen und tropischen Botrychium- 
arten und niaclit genaue Angaben liber die Ausdehnung der Wurzelinfect- 
; jion bei den einzelnen Arten. Isolierte Pilznester hinter deni Meristem kon- 
Inen sick weiter hinten zum Pilzmantel schliessen. „Hyplienknauel” in den 
Zellen sind mit den ^interzellularen” Langshyphen durch Stielhyplien ver- 
[bunden. Die Knauel sollen der Resorption durch die Pflanze verf alien. 
dANSE (1897) beobachtet gut die Infection von Oph. pendulum] wenig 
lliicklich ist die Darstellung der Sporangiolenbildung. Lang (1902) be- 
^chpeibt die Verpilzung der Prothallien yon Oph. pendulum und Helmin- 
i^stachys zeylanica und findet in j ungen Prothallienteilen Vesikel, in 
'alten , small shriveled bodies”. Bruchmann (1904) beobachtet bei Ophio- 
l^lossum vulgatum die Infection der Zellen, das Verschwinden der Starke, 
Idie Entartung” der Hyphen, das Zurlickbleiben von „Klumpen” . Der Pilz 
Isoll^Humusstoffe in Baustoffe fiir die Pflanze verwandelii. Seine Uiitersu- 
■thung von Botrychium (1 906) bringt liber die Mycorhiza nichts wesentlich 
'neues. Campbell ®) beobachtet in sehr bedeutenden Studien Keimung und 
Jinfection der Sporen von Oph. pendulum und Oph. mohwcanum und be- 
jschreibt an erwachsenen Prothallien von Oph. pendulum die Zellinfection, 
,den Abbau der Starke, die Ausbildung verschiedener Arten von Vesikeln, 
lauch charakteristische Unterschiede bei dem Prothallium von Botrychium 
■^virginianumPYOXidiem er Zellen mit unregelmassigen M^mel neben „diges- 
Ttiv” Zellen abbildet. Bonike L. ®) gibt als erster Zeichnungen des Ver- 
dauungsvor gangs, Leider war mir der russische Text der Arbeit nicht zu- 
fganglich: 

: Nach eingehendem Studium der vorher aufgezahlten Literatur ist es mir 





Fig. 3, — Oben, Maraitia alata^ Radialer Schnitt diirch die Wurzelrinde; iiuten an 
Rand Zcllen des innersten starkereichen Speichergewebes, nach oben drei Zell 
schichten niit in Agglutination befindlichen Arbuskeln. In den Zellen auf der rechter 
Seite zwei intracellulare, in der Mitte ein intercellulares Vesikel. Die intracellularer 
•vverden zii dickwandigen „Ruhesporen’'. Tanninbeize-Eisenfarbung (524 : 1), ~ 
Unten, Ophioglossum pendulum, Oben Mitte: „Vorgeschobene’' Pilzwirtzelle ; in di( 
angrenzenden Verdauungszellen nacb links unten und recbts verlaufen Hyphen, di 
Sternarbuskel tragen. Ein Teil dieser Arbuskeln ist bereits in dunkel gefarbt 
Excretkorper verwandelt. Haematoxylin-Eisenalaun - Safranin (524 : V). 
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moglich gewesen, manche Widersprliche und Ungenauigkeiten in den 
!^^%ngaben und Zeichiiungeii der Aiitoren zu klaren. Nun hatte ich aber das 
Gluck in Java nicht nur reichlicli Pflanzen von Ophioglossum pendtilum 
und 0. sondern „ d,h. in einem As- 

plenium nidus-'^esi bei Tjibodas auch die Prothallien des 0. pendtilum auf- 
zufinden. Die Untersuchung erfolgte an Microtomschnitten nacli den bei 
ptyophager Orchideenmycorhiza 1932 geschilderten Methoden. Es ergab 


sich foigendes: 




Im Sporophyten von OpMogl. pendtthmi sind nur die diinuen Wurzeln 
regelmassig verpilzt . Die Infection beschrankt sich auf die aussereinterzellu- 
larenlose Wurzelrinde, derentwegen die durch die Epidermis eindringenden 
wandlosen vielkernigen Hyphen intracellular verlaufen. Bei der 
Duroibehrung der Wande treten keinerlei Reactionen der Zeile durch 
Abscheiduhg von Cellulosescheiden ein, auch sind keine Appressorien 
sichtbar. Die Zellwand wird vom Pilz gelost. 

Zellen der vierten, der fiinften und der sechsten Schicht konnen als Pilz- 
wirtzellen fungieren, Zellen der fiinften oder sechsten Schicht als Pilzver- 
dauungszellen. Wird eine Zelle der vierten Schicht besiedelt, so wachsen 
saptatliche Hyphen in dieser Zelle angedriickt an den an die fiinfte Zell- 
scfc’e^i«^t angrenzenden Zellwanden. Sie scheinen interzeliular, sind aber Avie 
n Ar Wurzelquerschnitte ausweisen intracellular und augenscheinlich 
afch von der Verdauungszelle zudiffundierende Stoffe zum Appressions- 
i^htsum gezwungen. Fungiert eine Zelle der fiinften Zellschicht als Pilz 
irtzelle; so werden neben denen der 6ten auch die nicht inf izierten der 
?5ten Schicht zu Pilzverdauungszellen. Fig. 3 unten gibt ein Bild einer 
olchen vorgeschobenen Pilzwirt zeile. Differenziert sich in seltenen Fallen 
Fine Zelle der 6ten Schicht zur Pilzwirtzelle so wird das Bild der ganzen 
Mycorhiza invers. Appressionswachstum der Hyphen erfolgt jetzt an den 
nach aussen gerichteten Wanden, 

vDie Infection der Verdauungszellen ist hochst merkwlirdig; eine kraftige 
aus der Pilzwirtzelle eindringende Hyphe wird zu einem diinnwandigen 
viele blasige Aussackungen treibenden Haustorium, das ich Sternarbuskel 
nennen will. (Fig. 4 links oben). Die Starke wird nun langsamabgebaut. Der 
Abbau fiihrt jedoch nicht immer zu volligem Schwund der Starke. Vielfacli 
lassen sich sehr kleine Starkekorner in den Amyloplasten der Verdauungs- 
zellen noch nachw^eisem Der Sternarbuskel fiillt schliesslich mit seinen 
Aussackungen den Querdurchmesser der Zelle aus. Man beobachtet an weiter 
fortgeschrittenen Stadien ein Knittern der Wande, die immer mehr zusam- 
menschrumpfen, Der Inhalt zeigt noch gefarbte Kerne und dunkle Scholien 
anderer Substanz (Fig. 4 links unten). Die zerknitterte Wand wird immer 
mehr zusammengeballt und liefert einen unregelmassig rundlichen, noch mit 
der Zuleitungshyphe verbundenen, scharf berandeten, stark lichtbrechenden 
Excretkorper , die ,,Sporangiole” Janse's. (Fig. 3 unten, 4 links oben) . Die 
Zelle wird nun nach und nach bei immer wiederholtem Einbruch neuer 


IB 
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iy‘Hyplien iind wiederholter Coagulation neuer Sternarbiiskeln mit deiiExcret- 
%6rpern angefidlt . In Fig. 3 unten sind in jeder Verdauungszelle die haema- 
sc|oxylingeschwarzten Excretkorper nebenintakten Sternarbuskeln zu sehen. 
ijunge Excretkdrper farben sich mit Glycogenjod und Jodjodkali diinkelgelb 
'.' iind cntfarben sicli bei holierer Temperatur. Beim Erkalten kelirt die Farbe 
.zurlick. In alten Wurzeln unterbleiben die Reactionen.Trotzdemscheint es 

S I sick nicht allein um Glycogen zu handeln. Das in den Ophioglossumwurzein 
Waller untersucliten Arten massenhaft vorhandene fette Oel gibt dieseiben 
fReactionen mit Jod. Es lasst sich durch Farbung mit Sudan III leiclit 


J" nachweisen. Eine ahnliche Substanz tritt auch in dicken Tropfen in Hyphen 


der Pilzwirtz^llen auf ^). Mit Aether aus iTischen Wurzeln von Ohp. vulga- 


jl! : turn extrahiert, ist das Oel in Menge zu erhalten, von gelber Farbe, loslich 
11 zu gelber Losung in absolutem Aethylalkohol, u n 1 o s 1 i c h in abs. Me- 
mI' thylalkohol aber rasch verseifbar mit KOH + NHg. Ein Erwerb dieses 
Oels durch die Pilzverdauung scheint nicht ausgeschiossen. Die Frage be- 
darf genauerer Untersuchung als sie jetzt im Winterzustand der Pflanzen 
‘ nioglich ist . Alt e Excretkorper farben sich mit gewohnlicher J odj odkalium- 
V. losung blaulich, nach Auswaschen des liberschussigen Jods blau. Die Reak- 
sition ist auf die geschrumpften Wande des Sternarbuskels zuriickzufiihren, 
s^lie zum Unterschied von den gewohnlichen Hyphen in ihren Chitinwan- 
Uu^en Amyloid ent halt en. Die stark lichtbrechende wahrscheinlich aus Plas- 
wa bestehende Umhullung der Exkretkorper verschwindet bei Behandlung 
w&t Javellescher Lauge, es bleiben die reinen Pilzmembranen iibrig. Die 
^Bxcretkorper werden also nicht mit Cellulose umhullt wie die Excret- 
Sklumpen der tolypophagen Mycrorhiza. 

£ Das vollsaprophytisclie Prothallium von Ophioglossum fenduhim ist selir 
||klein. Von Lang und Campbell^) ist es genau beschrieben. Campbell 
P hat auch die Sporenkeimung geschildert. Im Alter von 2 Monaten wird die 
basale Zelle des vierzelligen Stadiums inficiert (Fig. 2f). „The branching 
I' mycelium of the mycorhiza was closely applied to the surface of the cell, 
t and a haustorium was sent down through the cell w-all into the basal cell.'’ 
Das Bodenmycel entspricht hier dem Mycel der Pilzwirtzelle und zeigt Ap- 
pressionswachstum ; die Basalzelle wird gleich zur anlockenden Ver- 
£; dauungszelle. „In the cell infected with the fungus, the contents show the 
^'peculiar aggregated appearance characteristic of the infected cells of the 
*:older Prothallium.” An der Verdauung des ersten Haustoriums ist nach 
Campbell’s Worten wohl nicht zu zweifeln. 

Das erwachsene Prothallium ist verzweigt. Der Piiz ist intracellular in 


h Bruchmx\nn fiiidet nicht nur die verpilzten Prothalliumzellen des Botrychium 
Lunari a sondein auch die „Aiisstulpungen” der Pilzhyphen mit fettem Oel erfiillt. 

-) Lang, W. H., On the prothalli of Ophioglossum pendulum and Helminthos~ 
tachys zeylanica, Ann. of Bot. 16: 2-56 (1902), 

3) Campbell, D, H., Studies on the Ophioglossaeeae, Ann. Jard. Bot. Buiten- 
zorg 21: 138-194 (1907) desgl. 1908 l.c. S. 164. 


1 



Fig. S. — Oben, Ophioglossum pendulum, Langsschnitt durcli davS Prothallium. 
Rechts oben : Pilzhyphe durch die kurze Rhizoidzelle eingedrungen, in den ausseren, 
Zellen IMycel, in den inneren Sternarbuskel in alien Stadien der Verdauung. Plae-. 
matoxylin-Eisenalaun-Eosin (524 : 1). — Unten, Zellen aus dem centralen Teil 
der Prothalliums. Dickwandige grosskernige H 3 ^phen durchbohren die Wande der 
lebenden Zellen imd erzeugen an Seitenzweigen Sternarbuskel, die der Verdauung 
verf alien. Farbung nnd Vergrosserung wie vorher. 
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ganzen basalen Partien verbreitet; jung inficierte Zellen befinden sich 
Blunter den wachsenden Meristemen der Prothalliumzweige. Neuinfectionen 
linden von aussen durch die kurzen Haare statt (Lang 1 902 ). Die cytologi- 
schen Verhaltnisse der Mycorhiza sind nach der Schilderung der Autoren 
nicht eindentig. Ich bringe das folgende nach eigenen Beobachtungen: 

Die Zellen des Gametophyten haben etwa den halben Durchmesser der 
Wurzelrindenzellen des Sporophyten; das bedingt ein etwas geandertes 
Verhalten des Pilzes. Die Infection erf olgt durch die Haarzelle, die Hyphe 
verzweigtsichin der subepidermalen Schicht (Fig. 5 oben), deren Zellen zu 
Pilzwirtzellenwerden. In den tiefer liegendenZellen beobachtet man alle Sta- 
dien der Verdauung hier wesentlich kleiner ausfallender Sternarbuskeln, da- 
Inebentypische Pilzwirtzellen. Waiter nach innen hort die sauberliche Diffe- 
xenzierung in Pilzwirt- und Verdauungszellen auf. Immer dickere derbwan- 
dige grosskernige Hyphen wachsen nach alien Richtungen durch die Zellen 
' unter starker Zerstorung der Zellwande (Fig. 5 unten) und bilden, anschei- 
. nend jeweils in Nachbarzellen hinein, ihre Haustorien oder Sternarbuskeln, 

‘ die in der gleichen Art wie in den Zellen des Sporophyten verdant und zu 
, etwas wenigerregelmassiggestalteten Excretkorpern werden. Die derbwan- 

I digen Hyphen unterliegen keiner Schadigung seitens der Pflanze. Auch die 
vielfach ohne Scheidenbildung durchbohrten Zellen besitzen gesunde, 
schwachhyperchromatische, nur wenig vergrosserte Zellkerne. Abweichend 
von der Sporophytenmycorhiza ist also im wesentlichen nur der Veiiust 
der Differenzierung in Pilzwirt- und Verdauungszellen in den centralen 
Teilen des Prothalliums. Die bei der Sporophjdenmycorhiza fehlenden von 
den Zellen nicht angegriffenen, derbwandigen Riesenhyphen tibernehmen 
hier augenscheinlich die Zuleitung des Materials im dichteren Gewebe des 
Prothalliums. Was sie aus dem umgebenden Erdboden herbeischaffen ver- 
fallt der Pflanze auf dem Weg der Thamniscophagie. 

I Nach langerem vegetativen Wachstum beginnt das ProthaUium mit der 
:Anlage der Geschlechtsorgane. Sie und ihre Nachbarzellen werden vom 
;Pilzmycel nicht beriihrt. Bei Helminthostachys besteht nach Lang (1902) 
feine ausgesprochen vegetative Phase, auf die nach einer Streckung die 
Anlage der d und $ Organe an getrennten Prothallien erfolgt. Die Verpil- 
zungsart scheint von der der Ophioglossum-Prothallien nicht verschieden. 
;,Fur die von Bruchmann i) untersuchten Prothallium von Oph. vulgatum 
. und Botrychium Lunaria ergeben sich aus den BRUCHMANNschen Beschrei- 
: bungen der Endophyten keine wesentliche Abweichungen. 

Die gesamten Ophioglossaceen haben augenscheinlich den gleichen Ver- 
' pilzungstypus. Unterschiede bestehen in der Dicke der vegetativen Hyphen, 
Jin der Art des Appressionswachstums in den Pilzwirtzellen, das ich in den 


I Bruchmann, H., tiber das Protballiiim und die Keimpfianze von Ophioglos- 
Isum vulgatum L. Bot. Ztg. 62, 227-248 (1904) ders. tiber das ProthaUium und die 
|Sporenpflanze von Botrychium lunaria. Flora 95^ 203-230 (1906). 
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Wiirzelii voii 0. viel ausgesprochener faiid als bei 0. pendulum 

und moluccammi. Die Hyphen liegen bier vollig flachgedriickt der Wand der 
\’erdaiiiingszcllen an. Die Art der Ausbreitung des Mycels in der Wurzelrinde 
vreeliselt nacli (}RHViLLius^),der die meisten Arten untersuchte, bedeutend. 
Bis >:n 7 Schichten konnen inficiert sein 

deren Arien nininit die Dicke der Pilzschiclit auf 5”4-3~2 Schicliten ab. 
l:>ci B. (uistrcde finden sich nur unzusammenhangende Pilznester. V 

§3. Die tolypothamiiiscophage 2) l^ycorhiza der Psilotales. 

Be^ Psihtum wiirde die Verpilzung von Solms-Laubach s) entdeekt, auch 
die Infection der Brutknospen durcli den Pilz beobachtet u.nd abgebildet. 
Kiirz dainit beschaftigt haben sich noch Janse und Bernatzky ^). Der 
letztere glaubte sich mit der Isolierung der Endophyten in freier Kultur 
erfolgreich, hat aber sicher einen falschen Piiz in Kultur gehabt. 

Shibata®) hat dann eine eingehende Untersuchung vorgenommen, von 
deren Ergebnissen meine eigenen Befunde in einzelnen Punkten abweichen. 

Der Ban der Pflanze ist von Solms-Laubach (1884) geschildert worden. 
Sie besitzt ein stark verzweigtes unterirdisches Rhizom, des.sen mit zweizel^ 
ligen Rhizoiden besetzte Aste sich verzweigend abwMs wachsen, wahrenpi 
andere aus der oberen Zone an das Licht tretend zu aufrechten 


tionssprossen werden. Die unterirdischen Rhizomteile sind in eihig\ 
fernung voni 3Ieristem verpilzt, die diinnen Abzweigungen starker anv ' 
Hauptachsen. Der Pilz dringt mit querwandlosen Hyphen durch die 
in die Rhizomrinde ein und inficiert einen Teil der Zellen in 6-7 Schich£e 
der Aussenrinde. In den inficierten Zellen verschwindet die Starke aus de 
Amylopiasten. Zuerst erscheinen in der Zelle wenige Windungen allmal 
lig perlschnurartig anschwellender, dicker Hyphen, von denen diinnere 
und verzweigte Asteabgehen, die das Innere der Zelle nach und nach anful 
len (Fig. 6 links oben). Andere Zellen werden von Anfang an durch diinner 
Hyphen besiedelt. Shibata sah diesen Unterschied und spricht von „Pi^^ 
wirtzelleid' und „Verdauungszelien’k Da, wie auch er beobachtet, der Pil 
in alien Zellen schliesslich verdant wird, glaube ich die Unterscheidung 
nicht gerechtfertigt. Vor allem in den diinnhyphigen Zellen bildet der Piiz 
haufig grosse blasige plasma- und reservestoffreiche Vesikel. Der Pilz- 

b Grevillius, Lc. S. 167, 

“) Knauel, = arbasculus. 

®) Solms-Laubach, H., Der Aufbau des Stockes von Psilotum triquetrum und,; 
dessen Entwicklung aus der Brutknospe. Ann. Jard. Bot. Buitenzorg 4, 139-19' 
(1884). 

b Jaxse, l.c. S. 161. ‘ ^ 

b Bernatzky, J., Beitrage znr Kenntnis der endotrophen Mycorhizen. Ter 
meszetrajzi Fiizetek 22, 88-1 10' (1899). 

Shibatx\, K., Cytologiscbe Studien iiber die endotrophen Mycorhizen 
Jahrb. f. wiss. Bot. 37. 641-684 (1902). 



Fig, 5, — L. oben, Psilotum triquetrum. Rhizomrindenzelle mit groben, perlschnur- 
formig angeschwollenen Hyphen, die diinne verzw^igte Aste in d. Innere dcr Zelle 
senden. Tannin-Eisenfarbung (393 : 1). — R. oben, 

bildung an den Hyphen. Tannin-Eisen (393 : 1). — L. unten, Psilotum triquetrum. 
Hyphen und eins der Vcsikel im Beginn der Verdanung. Sehr stark, farbbar. Tannin- 
Eisen (393 : 1). — R. nnten, Psilotum triquetrum. Excretkorper oder „Klumpen” 
an Hyphenresten hangend, daneben der Zellkern. Tannin-Eisen. 
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kniilie'i in cler Zelle kann nun verhaltnissmassig locker bleiben oclerauc 
SL‘]n' diclit werden, in jedem Fall treten am Ende seitliche Hyphenaste j 
welche zu kiirzen Arbuskeln werden. (Fig. 6 rechts oben und4rechtsoben) 

Sie sind Shibata entgangeii^) und auch recht schwer midnurmitde 
starksten Optik gut zu beobachten. An ihnen beginnt die jetzt einsetzend 
Verdaimng,, die zuerst die Arbuskeln, dann die Hyphen und zuletzt di 
AA'sikei einsclimilzt. (Fig. 6 links unten). Es bleibt ein fester, andeii Reste: 
eheiiials zuleitender Hyphen aufgehangter, gelblich gefarbter, stark iicht 
brecheiider Excretkorper iibrig. (Fig. 6 rechts unten). 

.Mit der Verdauung einher geht eine charakteristische Veranderung de 
Zustandes der Zellkerne. (vgl. Fig. 1 e-]^). Schon in den pilzerfullten Zelle 
haben sie sich bedeutend vergrossert. Vor der Verdauung werden sie 
amoeboid. Das Chromatin vermehrt seine Masse und wird zu scholligen, 
durch feine Faden verbundenen Gebilden. Auch die Nucleolen vergrossern 
sich und treten an die Peripherie des Kerns. Nach beendigter Verdauung 
nimmt der Kern wieder normale Form und Grosse an. Die Veranderungen 
sind wohi der Ausdruck besonderer Activitat gewisser Kernfunctionen, die 
mit der Verdauung des Pilzmaterials in Verbindung stehen, sie kommen in 
noch drastischerer Weise bei der tolypophagen Mycorhiza der Orchideen 
vor..' ■ ■ 

Wieder holte Verdauung wie sie bei Orchideen die Regel ist, beobachtet 
man in einzelnen Zellen auch bei Psilotum. Die Zelle wird dann nach der 
ersten Phagocytose neu vom Pilz besiedelt und eine zweite Verdauung legt 
einen neuen Mantel von Pilzmaterial um den schon vorhandenen Excret- 
korper ^). 

Die Hyphen im Psilotumrhizom sind reich an fettem Oel, das der Pflanze 
bei der Phagocytose anheimfallt. Glycogen konnte ich indessen nicht nach- 
weisen. Die Pilzmembran besteht aus Chitin (Shibata), trotzdem enthalten 


'Diese Behaiiptiing kann ich nicht aufrecht erhalten. 

An PsiloUim’-Vil 2 iiiz%n, die anf einem Topf von Hura crepitans aufgegangen wa- 
ren, fand ich eine sehr regelmassige Verpilzung der Rhizoms. Der Pilz ist in alien 
Merkmalen bis anf die Arbnskelhildung identisch, er hat die gleichen perischnur- 
I'ormigen peripheren tlyphen mit ihren diinnen Abzweigungen nnd die gleichen 
Yesikei. Er ^vird in ebensolcher Weise verdant. Nur die Arbuskelbildung fehlt. 
Zv'ischen beiden Pilzen muss mindestens der Gattimgscharakter gewahrt sein. Den 
Xamen der tolypothamniscophagen Mycorhiza mochte ich trotz dieser Beobacht- 
ung fur Psilotum beibehalten. 

-) Bilder wie Shibata’s Fig. 33 und 34 sind nicht anders zu deuten. Sie haben 
Shiba TAden Anlass gegeben, einen unmittelbaren localen Einfluss des Kerns auf die 
\^erdaiiiing und Klumpenbildung anzunehmen der m.A. nach nicht besteht. 
(Shiba r A ist hier durch eine entsprechende Beobachtung von Magnus an Neottia 
beeinfliisst worden, vgl. Burgeff 1936, S. 14) »). 

) Burgeff, H., Samenkeimung der Orchideen und Entwicklung ihrer Keim- 
pflanzen mit einem Anhang ixber praktische Orchideenanzucht. Jena (1936). 
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lie verdant en Klumpen Am^doid und farben sich mit Jodjodkaii griiniich, 
lach Behandlung mit Javellesclier Lauge blau. Shibata konnte mit Sciiwei- 
■V^s Reagens das Amyloid herauslosen und sieht in ihm eine von der Pflan- 
;e aiisgescliiedene Kittsiibstanz. Ich lialte es aucli flir mogiich, dass ein bei 
|ier Verdauiiiig veranderter Bestandteil der Pilzmembran vorliegt. Die mi- 
h'ochemisclie Seite der Psilotum-Mycorhiza erinnert damit stark an die der 
ppliiogiossaceen, der sie aiich durch die neu aufgefundenen Arbuskeln nacli 
;ler morphologischen Seite alinelt. 

Die Prothallien von PsUotum und Tmesipteris sind von Lawson das 
^^on Tmesipteris auch von Holloway -) aufgefunden und beschrieben wor- 
ien. Habituell erinnern sie stark an die von Ophiogiossum pendulum. Als 
iHolosaprophyten sind sie viel regelmassiger inficiert als die hemisapro- 
bhytischen Sporophyten. Die Form der Mycorhiza scheint in keinem Punkt 
,W)n der fur das Psilotumrhizom geschilderten abzuweichen. Die Infection 
eht auch hier durch die Haare. Alte Zellen der Prothallien sollen abster- 
en. Lawson macht den Pilz verantwortlich fiir die unbekannte Sporen- 
.ceimung. 

Ich habe seit 1909 zahllose Versuche der Isolierung des Psilotum-VilzQs 
unternommen; in den letzten Jahren unter Verwendung der neuen Wuclis- 
stoff- und Vitamintechnik. Seit 1935 gelingt es mir regelmassig den Pilz 
aus sterilen Rhizomausschnitten mit einzelnen Hyphen herauswachsen zu 
lassen. Sein Wachstum ist ganz ausserordentlichlangsam. Schliesslich stel- 
"ien die Hyphen das Wachstum ein. Finer Ubertragung auf neuen Nahrbo- 
en liach Trennung von dem zugehorigen Gewebestiick des Psilotum- 
hizomes folgte stets der Tod der Hyphe. An der Identitat der auswach- 
jenden querwandlosen perlschurformig angeschwollenen Hyphen mit dem 
'silotum-Endo'phyten besteht kein Zweifel. Sehr ahnliche, wenn nicht 
■dentische Hyphen erhielt ich aus Marattia alata-Wurzeln. Esistimmer- 
^lin zu hoffen, dass die Kultur schliesslich gelingt und neueWegezuriVna- 
lyse und Synthese der Farnmycorhiza eroffnet. 

Die Mycorhiza der L y c o p o d i e n p r o t h a 1 1 i e n bleibt 
pioch zu besprechen. Man hat ihr seit Treub’s und Bruchmann’s klass- 
^||schen Untersuchimgen stets das allergrosste Interesse entgegengebracht, 
lumal der Stoffaustausch bei diesen abweichenden Formen der Verpilzung 
||n volliges Dunkel gehullt war. Verdauungsvorgange waren nicht beobach- 
tet. Treub rechnete trotzdem mit der Moglichkeit der Ubertragung von 
SjGlycogen und Oel aus dem Pilzmycel in die Pflanze, die deren saprophyti- 
chen Wuchs gewahrleisten konnten. Bruchmann lehnte diese Hypothese 


h Lawson, A. A., The prothallus of Tmesipteris tannensis. Trans Roy. Soc. 
Edinburgh 51, 775-794 (1916); The Gametophyte Generation in the 
..0.52,93-113(1921). 

^) Holloway, J. E., The prothallus and young plant of Tmesipteris, Trans. New 
Zealand Inst. 50, 1 (1901). 
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ab, sprach der Pflanze die gesamte (nur bei L, Selago von Pilz uuU . z 
Aufnahmefahigkeit flir organische Bodenstoffe zu tind sah die Pil:.i: , . 

lediglich in einer das Material umformenden. Die von dem Prothali: e .. 

gencnnmenen ,,Humus”-Stoffe sollten gewissermassen durch die I 'l .i; >0 
ripheren Pilzschichten filtriert und verandert und in eine fiir die * 
assimilierbare Form gebracht werden. 

Schon 1909 hatte ich mit Prothallien, die ich der Freundlichkc ' P ,, 
Bruchmann’s verdankte, Pilzisolierungsversuche angestcDt, die niup r 
blieben. Ich habe sie nicht wiederholt, da es mir an Material fehlte 1 7...T r u- 
Mann’s Kiinst des Findens dieser verborgenen Schatze ist mit ihm i (hr; ■ . 
gesunken. Erst in Java auf dem Gipfel des Pangrango (3000 m) g( hr . •; re i' 
ein Fund von zwei Prothallien des Lycopodium clavatum-divifuuinhi 
mit jungen Embryonen. Diese und eine Reihe mir von Herrn Co , n P. 
Claussen (Marburg) liebenswiirdiger Weise zur Verfugung geste hv: LI 
crotomschnitte von Lyc. clavatum, complanatum und eine Schiir::,:^ r:.-; 
voxiL. Selago ermoglichten mir eine eigene Untersuclmng, an die h. 7 
grosster Spannung heranging. Was sie ergab, und wieweit es mir gf-lanf las 
Austauschproblem zu klaren, dariiber mogen die beiden folgende]. A : 
berichten: 

§ 4. Die ptyophage Mycorhiza der Lycopodien des Phlegm, i iu- 
Typus. — Wie schon friiher gesagt erf olgt der Materialaustausch ' ^ lavn 

Pilz und Pflanze bei der ptyophagen Mycorhiza unt er der Erschei , . < , i / * ’ ' 
Plasmoptyse. Einige der von Janse beschriebenen Mycorhizatyp. s / s 
ren hierher. Kraftige junge Hyphen dringen in besondere Verda^i'.Mi , , - ,.I 
len ein. Die Flyphenspitze platzt und die entstehenden Plasmaergs' ■ * 1 

den von der Pflanze verdant, wobei Reste als Excretkorper zuri-; arc; 
ben ^). Janse nennt die Ptyosomen gleich den aus eingeschmolz' ic.-.: 
buskeln der tamniscophagen Mycorhiza entstandenen Excreic/ iuni- 
„Sporangiolen”. Petri 2 ) findet die richtige Erklarung; erbezeicljsa .pf 
durch Hyphenbruch in Freiheit gesetzten resp. in die Zelle ere' u;- 
Plasmamassen als „prosporoidi”. 

Ich selbst habe an tropischen Orchideensaprophyten der P; ' ‘ a 
diinae hochcomplicierte Formen solcher Sporangiolen untersiu m a cl 
dann diesen nicht auf die phycomycoide Mycorhiza beschranI;Pn- T • ■ 
pus als Ptyophage Mycorhiza {TzTizw speien, cpocyslv essen), die c.r 

0 Excretkorperlose Pbernahme des Pilzinhalts ist nur durch FRAH-.iK) hA 
Monotropa hypopitys aufgefunden worden. j , 

“) Petri, L., Ricerche sul significata morfologico e fisiologicc^ dei pi«a,nv eili 
(sporangioli di Janse) nelle micorize endotrofiche. Ruov. Giorn. Bot. It.i. .. 1 . 

10, 541 (1903). 

3 ) Burgeff, H., l.c. S. 166. 

L Franke, H. L., Beitrage zur Kenntnis der Mycorhiza von 7.- v. ,/ / 
hypopitys L. Flora N.F. 29, 1--52 (1934). 
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angiolen’' oder ^prosporoidi'’ zur Vermeidung der wenig gliicklichen an 
Fortpflanzungsorgane erinnernden Namen als bezeichnet. 

Bei den isospcjren Lycopodiaceen sind mit zwei Ausnahmen (L . inundatum 
und L. cernmim) nur die Garnet ophyt en inficiert. Halb-und ganzsapro- 
phytisclie Typen kommen vor. Unter den letzteren fallen als besonderer 
Typus die selir zarten gestreckten cylindrisclien Prothallien des Lycopod- 
ium Phlegmaria, Billardien-gracile and L, Selago aus dem Rahmen. Trotz 
vorzuglicher Beschreibung des Bans und der Mycorhiza dieses Typus durch 
die bedeutenden Autoren Treub Bruchmann 3) und Holloway^) 
liatte ich die grundlegende Entsclieidung der Stoff-tJbertragungsfrage 
niclit oline eigene Untersucliung an Xyc. Selago entscheiden koniien. Ich 
stelle diese am besten untersuchte Art in den Vordergrund. 

Die Sporenkeimung ist von Bruchmann (1910) 
beobachtet. Die Spore keimt selbstandig und er- 
zeugt ein 5-zelliges Stadium, das in diesem Zu- 
stand etwa 1 Jahr lang auf die Infection durch 
den Pilz warten kann. Inficiert wird die mit 
einer rudiment aren Rhizoidzelle versehene Ba~ 
salzelle (Fig. 2b) worauf sich das Prothallium 
rasch vergrdssert, (2d) Bereits in den Nachbar- 
zellen der Basaizelle entstehen die „Sporangio- 
len’ ’ . In den Knauel- oder Pilzwirtzellen ver- 
schwinden die Inhaltsstoffe, daflir treten in den 
Sporangiolen- oder Pilzverdauungszellen Starke 
und Fetttropfen auf. Der Pilz wachst hinter^o, Pilzwirt- und Vei-dau- 
dem IMeristem her, ohne dies zu berlihren und und 

inficiert den basalen riibenformigen Teil des h^uirei PtyfLS'erzeu^^ 
Prothalliums. Neben ihnen der Zellkern. 

Wie ich feststellen konnte, sind die „Sporangiolen” echte Ptyosomen, die 
sich aber wegen der sehr geringen Grosse schwer erkennen lassen. An einer 
in die Zelle eingedrungen Hyphe platzt die Spitze und erzeugt einen Plas- 

0 Nur bei L. salakense sollcn sie piizfrei sein. 

-) Treub, M., i^itudes sur les Lycopodiacees. Ann. Jard. Bot. Buitenzorg 5, 
87-133 (1886). 

») Bruchisiaxx, H., Uber die F’rothallien und die Keimpflanzen mehrerer euro- 
, paischen Lycopodien. Gotha (1898). 

•^) ders., Die Keimung der Sporen und die Entwicklung der Prothallien von 
Lycopodium clavatum L., L, annoti-nmn L. und A. Selago L. Flora N.F. 1, 220-267 
(1910). 

0 PIOLLOWAV, J. E., A comparative study of the anatomy of six New Zealand 
species of Lycopodium . Trans. New Zeal. Inst. 42, 356 (1909); Studies in the New 
Zealand species of the genus Lycopodium part IV, The structure of the prothallus 
in five species, l.c. 52, 193 (1920), 

Burgeff (1932), l.c. S. 166. 
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VEicy 1\ d.cr 2 fr 6 ss 6 r 6 Vs-Cuolcn 3 .u.fwcist, ciic im Lc 
“t'f GlycogS oL Zellsaft angefcllt sein dtirften. BgsalwSrts ■ 
an d’er HyTihe Seitenhyphen alls, die dasselbe Scliicksal erleit ui. .a 

sich diescheinbar traubenforimge Anordnung dieser Gebilde. An a . . 

schnitten die ich aus einem BEUCHMANNschen Ongmalpraeparat 
Foalin' eingelegl war, 

mein starke Farbung mit Glycogenjod, die beim Erwaimtn di . 
beim Erkalten zuriickkebrte. Das ist verwmiderlich, da Fonv : 

Glycogen nicht fallt. Die ErklSrung gab die Behandlung einci . 

Lr e mit- Javellescher Lauge. Der Inhalt der P yosomen war - . 
Slosveihwunden,esbliebeinesichmitChfe 

wand ^’^riick, an der hie und da noch ein Stuck der Traghyphe i 
gebiaut daransass. Die Plasmaergiisse werden also wie bei dei pt j 

llycorhiza der Orchideen von der ZeE^^ 

wie die zufiihrenden Hyphen (vgl. Buegeff 1932 175717 ). 

der Pilzwirtzellen zeigen keine Gellulosereaction. Das Glycogen ^ 
niutlich durch die tiipfeUosen Cellulosewande der Ptyosomen z- 

^^I^iTterminalen diinneren dorsiventralen Teil des fructificiereiv 
thalliums besiedelt der Pilz die den Geschlechtsorganen atagewano . 
Hier sind die subepidermalen Zellen nieist als Pilzwirtzellen die 

als Phagocyten ausgebildet. , ii «p,. 

Eine schr auffallige Funktion haben die Khizoidzellen Bk- - 
(1910) und Habeelandt^) haben sie eingeheiid untersucht \ 
Fussteilieden Rhizoids wirddurch eineWand der der Basis des E rot 
zugekehrte Teil abgeschnitten. (Fig. 2e). Die entstandene „Haartu: 
zelle” wirdiiachaussenmit einer starken Cellulosevei cliclvun.g t cist 
unterhalb des Rhizoids ein halbkugeliges oder linsenformigcs vors 
des Membranpolster tragt. Beuchmann nennt die Zelle „Anmiio 
Provocations”- oder „Pilzexpeditionszelle”, Habeelaxiit ci 
’’Durchlasszelle”. Die Function der plasmareichen Zelle besteht d: 
Pilz von innen anzulocken und zum Austritt in den Boden zu \ eri 
Bei dem Durchgang der Hyphen verschleimt der innere Ted des M 
polsters. Nach dem Durchgang umwachst das Pilzmycel die 
schidit des Rhizoids, sodasssich dieBodensubstanzen losenden hii 
von Pilz nnd Pflanze bier unterstiitzen. Das Rbizoid blcibt also zui 
schied von denen der Lycopodienprothallien der anderen rypen \ 
durchgang versebont, was auf selbstandige Leitung von Material 
und Hyphen zu deuten scheint. Erst durcb die Ptyophagie in dc 
werden die vom Pilz gewonnenen Stoffe der Pflanze zuganglkh. 
Sebr alinlich wie bei Lycofodium Selago liegen die Dingo bei I 

‘^) Haberlandt, G., Die Pilzdttrchlasszellen des Protlialliums vou L] 
-RAifr y Allfy "Rnf . 1 . 293-300 fl 9 1 8b 
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naria Audi hier sind nach Treub i) Fusszellen entwickelt, dutch die der 
hlz nach aussen tritt und das Rhizoid mit lockerem Mycel umwachst. Die 
-iaarzelle steht aber vollig auf der mit Mycel erfiillten Fusszelle. Ptyopha- 
dc am Mycel der Prothalliumzellen kann nach Treubs Beschreibung und 
Zeichnung nicht sicher festgestellt werden, doch deutet die starke ainoeb- 
lidc Veran derung der Kerne in den Pilzzellen auf Verdauungsvorgange. 

Bezuglich des Stoffwechsels zwischen Pilz und Pflanze hat Treub eine 
Reihe wichtiger Beobachtungen gemacht. Die Leitfahigkeit des Pilzmycels 
muss sehr gross sein, denn die Pilzknaule benachbarter Zellen sind nui 
idurch eine einzige Hyphe verbunden. Microchemische Reactionen, die 
ITrfub in gewandter Weise anwendet, zeigen den hohen Gehalt des gesam- 
iten Pilzmyxels an Glycogen. Er sagt: „L’endophyte se trouve exactement 
dans ces cellules du prothalle ou I’huile abonde. Le champignon se nourrit- 
iil en partie de cette huile, la retirant au prothalle et la transformant en 
iglycogene dans ses filaments? Ou bien I’huile du prothalle provient-elle en 
! partie du glycogene elabore par le champignon et cede a son h6te. Je ne 

isuis pas a mtoede decider ce point litigieux.” Ich gkube dass das 

i Prothallium seine gesamten organischen Stoffe vom Pilz erhalt, und falls 

sich bei X, P/ifegOTfflna die Ptyophagie bestatigt neben dem G 1 y- 

c o g e n a u c li 0 e 1. tt > 

\uch Lycopodium Billardieri y. gracile gehort nach Holloway s Be- 
-.schreibung zum Phlegmaria-Typus. Localinfectionen durch die Haare 
werden an den Zweigen beobachtet, ahnlich wie sie auch Treub an den 
gestielten Bulbillen bei L. phlegmaria festgestellt hat. Im Innern des Pro- 
thalliums findet Holloway zwei Sorten von Zellen, solche mit Knaiie n 
und solche, in denen die Knauel verschwindeii und “clusters ot spores 
zuriickbleiben, die wohl mit Ptyosomen identisch sind. Einige Besonder- 
heiten seien noch erwahnt, so das Fehlen von Oel und Starke m den Zellen. 
das Fehlen von Vesikeln und das Intercellularwerden des Pilzesinden uber 
der Basalzone gelcgcnen Geweben des Prothalliiims, dazu die Umscheidung 
der in die Rhizoiden austretenden Hyphen. Es ergiebt sich kein emheithches 
Bikl. Kachuntersiichung erscheint bei dieser Art ebenso am Platze, wie 
bei I. Phlegmaria, 

: S 5. Die chylophage Mycorhiza der Lycopodien. - a) T y p u s 

, des Lveopodium complanatum. — Bruchmann )hatdas 

Prothallium von Lycopodium complanatumhexeits seines “Senartigen aues 
■ wegen als Sondertypus charakterisiert. Das riibenformigeyebilde (Fig. 

: u. r. und9 r.) tragt auf dem Scheitel die Geschlechtsorgane. Das Gewebe des 


P Treub, l.c. S. 179. 

“) x\A6c = Saft. 

3) Bruchmann, lx. S. 179* 
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Sclieiteis ist von deni vegetativen riibenformigen Teil durcli ein inter -r. i 
Meristem (M) getrennt, das die vegetativen Teile nach unten, die rep ■ > 

tiven nach oben ernenert. Hier interessieren die ersteren, die sich aus 1 1 
centralen Gewebe und einer Mantelschicht zusammensetzen. Die i .1 
scliicht besteht miter dermit Rhizoiden besetzten Epidermis ausein(‘. ' ^ 

8 Zellen starken Rindenscliicht (R), die nach innen an eine einfache v ’ib ; 
sehr laiig werdender radial gestreckter Pallisadenzellen (P) anstoss' . v-.,- 
Prothallium wird von der Basis ausinficiert. Der Pilz wachst hinter d' ■, .» 
ristem her. Austritt von Pilzhyphen erfolgt durch die Haare in acrcpr ,jo 
Reihenfolge {A). Die Rindenzeilen enthalten regelmassig gebau v li/- 
ceiknauei, die aus nahezii unverzweigten aufgewickelten Hypher ' 
hen, und nach Art von Taustapeln in den einzelnen Zellen iieg( r DjP 

Knauel sind — was schon Treub an anderen Arten beobachtete 

durch einzelne Hyphen verbunden. Gelegentlich finden sich Vesikel : 

Zeiien. Von diesem Mycel der Aussenrinde, das sehr nahe an das ]\Rr'.s' . p. 
heranreicht, wachsen Hyphenstrange aus und dringen z w i s c h 
noch sehr jugendlichen Pallisadenzellen eih. Ihr Wachstum findet £ i . * " . 
der Abgrenzung der Paliisaden an das weitlumige Centralgewebe sen i I 

Die Zellen des Pallisadengewebes fiihren reichlich grosse um den 7 a ' . i 

gelagerte starkegefiillte Amyloplasten, deren Starkeinhalt wahrei. . ier 
Infection der Intercellularen etwas abzunehmen scheint, sich aber ‘ tei 
dieser Zone wieder herstellt und erst in der Basis alterer Prothahk. ; : 
nimmt. Auch die Rindenzeilen enthalten Starke, die nach der hier int »’■ r - 
lularen Pilzinfection nur teilweise verschwindet (im Gegensatz zu ]4 k: svii 
MANN'S Beobachtungen). Auch’ das Centralgewebe ist vStarkereich . I 
artige Reservestoffe waren an den Microtomschnitten Herrn CLA^*S;‘Si.!-. 
natiirlich nicht mehr nachzuweisen. 

Das merkwiirdigste am ganzen Bild der Mycorhiza ist nun foliar b 
Stotliche Hyphen mit Ausschluss der in den basalen Prothalliu.ub; ' : 

scheinen in gesundem Zustand zu sein. Von einer P i 1 , v ’ * • 
dauung zeigt sich keine Spur. Nach Bruchmann s h , b. r 
Pilz die von den Rhizoiden des Prothalliums aufgenommenen Hum- 
umwandeln und der Pflanze vermitteln, die ja ringsum von Pilzpeu -i -- 
mantel umschlossen ist. 

Hier versagt jede Erklarung nach den alten Vorstellungen. Es !>?•• ( ' ■ 
auch keine Analogic mit irgend einer anderen Mycorhizaform, auj^ ser r! .■ 
der Baummycorhiza ; diese vermittelt ohne Zweifel deni Baum ab* r, ■ 
Stoffe, worunter Salze, Kalium Phosphorsaure und besonders Stir!'-'*: 
eine Rolle spielen. Saprophytismus, d.h. Kohlenhydraterwei'b wird tb' a' ip. 
keinem Fall bei der Mycorhiza der Holzgewachse beobachtet. 

Der BRUCHMANNschen Hypothese der selbstandigen Aufnahme - 
ganischen Stoffe aus dem Boden fehlt nach neueren Vorstellungen dia . 
is. Solche Stoffe sind im Boden bei der Concurrenz unter den Mic.i jou, r- 
nismen nicht verfugbar, sie konnen nur von diesen selber, d.h. vom / 
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geliefert werden (vgl. Hollander in Burgeff 1936, S. 261 und Bur- 
CxEFF lx. S. 176. Hier bleibtnur die Mdglichkeit, das s 
der Pilz aus seinen Verbindungen mit dem Bo- 
d e 11 m y c e 1 1 0 s li c li e S t o f f e d i r e k t i n d i e Z e 1 1 e h i n- 
e i n a b s c li e i d e t o d e r g u 1 1 i e r t. 

1 932 gelang mir zuerst der Nachweis der Guttation an Pilzhyphen in der 
Pflanzenzelle. Hyphen in den Rindeiizellen der saprophytischen Orchidee 
GastroMa callosa scheiden Stoffe in die Zelle ab. Die Zelle reagiert mit einer 
iAblagerung von Wandstoffen auf die guttierende Steile. Der Ausfluss des 
Gnttationssekrets verliindert das Festwerden der Wandstoffe in der Achse 
der Hydathode; es entsteht eine rohrenformige Scheide oder ein ,,Rohren- 
tiipfer' der hier nicht einer Zellwand sondern (Fig. 2;^) einer Pilzhyphe 
anfgesetzt ivSt. (Fig. 2m). Diese Rohrenthpfel f arben sich mit Haematoxylin 
Inngemein stark und enthalten ausser Cellulose korkahnliche Auf- oder 
'Einlagerungen. 

Genau entsprechende Gebilde lassen sich nun an den 
Hyphen der Aussenrindenzellen und auch — ^ wenn auch weniger typisch^^ — 
an dem interzellularen Mycel der Pallisaden- 
iSchicht des L. complanatum nachweisen. Sie 
fallen sogar ganz ausserordentlich stark auf und 
geben • nur bei L. complanatum vorkommend 
— dieser Mycorrhiza die besondere Note (Fig. 4 
rechts unten). Freilich sind die Bildungen sehr 
klein und entsprechen den geringen* Hyphen- 
durchmesser von etwa 1,2 p. Betrachtet man 
die kegelf drmigen Gebilde von oben, so sieht man 
eine centrale Aufhellung, die wohl dem nicht fest 
gewordenen Porus des Tiipfels entsprieht. Chlor- 
zinkjod ergibt nach vorheriger Behandiung mit 
Javellescher Lauge eine wenn auch schwache, 
doch deutliche Blauung der kegelformigen oder 
knopfformigen Gebilde. Im Pallisadengewebe 
sind die Wandstoffauflagen weniger specifisch 
ausgebildet, mehr flachen- oder rippenformig. 

Das intracellulare Mycel entwickelt sich vom 
Meristem aus mit gesunden gut differenzierten, 



besonders in den Vesikeln sichtbaren Zellkernen. Fig. 8 — Lycopodium-Vro- 
Gleich hinter der ersten aus nur wenigen Zell- tliaUien : Links Lya. clava- 
schichten bestehenden Zone beginnen die LycMavatum, R. 

' matoxylingeschwarzten Auf lager ungen. Die ¥e- unten Lyc. complanatum 


sikel bleiben hier ohne weitere Entwicklung, (^1® letzten nach Bruch. 
wahrend sie im abgestorbenen Basalgewebe altei: 


erwachsener Prothallien zu sehr grossen dickwan digen Gebilden heran- 


wachsen konnen, Augenscheinlich sind in dem Pallisadengewebe die 
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intcrcellularen Pilzhyphen Stark geschadigt, was mit der starken S1 
gabc der Hyphen zusammenhangen mag, die den Pallisadcn die S;^ 
erungsfunction ermoglicht. Das Pallisadengewebe ware also das c 
liche Absorptionsgewebe der Pflanze. 

Uber die Art der vom Pilz abgegebenen loslichen vStoffe lasst sicl 
den fertigen Schnitten nichts aussagen. Eine Entfarbung mit naclil 
Behandlung mit dem Jodreagenz auf Glycogen (A. Meyer) ergab 
charakteristische Farbung (wie sie etwa beim Prothallium von L. da 
deutlich auftritt). Genauere Untersuchung ist nur an lebendem Ih 
moglich. 

Es scheint mir sovicl festzustehen, dass Lycopodium complauatum 
vollig abweichenden Mycorhizatypus darstellt, bei dem die in den pc 
ren Geweben gelagerten lebenden Pilzhyphen losliche Stoffe in die 
zenzellen oder in Intercellularraume guttieren. Nachdem ein eigeni 
Verdauungsvorgang nicht nachweisbar ist, schlage ich hierfiir. d 
zeichnung einer Chylophagen Mycorhiza vor. 

Zum Typus des Lycopodium complanahmi gehort dem Bau nach ei 
Lang (1894) beschriebenes neben Psilohm aufgefundenes Lycopo 
Prothallium unbestimmter kxi. 

b) Typus des Lycopodium clavatum und L. ai 
t i n u m. — Lycopodium clavatum ist in seinen Garnet ophy ten eing( 
beschrieben von Bruchmann (1898) und Lang'^). Die Entwicklun^c 
Sporenkeimung beobachtete Bruchmann 1910^). Die Infection dure] 
Pilz erfolgt im neunzelligen Stadium des Keinilings. (Fig. 2c) Wieder : 
die liber der Rhizoidzelle gelegene Basalzelle in welch e die erste H 
eindringt und in der sie zu einem Knauel heranwachst. Von Iiicr aus w( 
die anschliessenden peripheren Zellen besiedelt. .Vn alteren Protlvc 
werden dann die Epidermiszellen nicht mehr vom Pilz beiTihrt. 'Die I 
des Prothalliums ist zuerst die cines rlibenformigen Korpers, spate 
cines abgeflachten Kreisels, dessen starkes Randwachstum zuletzt zu v 
Einfaltungen des Randes ftihrt, der die auf der breiten rnittleren FkicI 
reprodiictiven Gewebe liegenden Geschlechtsoi'ganc umgiebt. Olxuiiall^ 
Randes zwischen vegetativem und reproductivem Gewebe liegt wierler 
intercalate Meristem. Von diesem aus entwicklen sich cine bis 9 Zellen st^ 
Rinde, dann eine einzellige aus radial gestreckten Zellen bestehende Pa! 
denschicht und eine nach innen anschliessende aus isodiametrischen 7a 
gebildete Speicherschicht. 

Die Rindenzellen sind mit Mycelknauein angefiillt, die aiicli Vnvr wT> 
in schiffstau-ahnlichen Rollen beisammenliegen und etwa 25 l)is 30 \ 
dungen einer einzelnen Hyphe enthalten; ahnliche Knauel finden sich 
auch in der Pallisadenschicht. Aus ihr fiihren aber je melirere Hyphe 

h Lang, W. H., The prothallus of Lycopodium clavatum L. Ann. (jf Bot 
279-317 (1899). 

-) Bruchmann, Lc. S. 179,4. 


Chapter VII 


CYTOLOGY 

by 

Lenette Rogers Atkinson (Amherst, Mass.) 

§ 1. Historical sketch. — The field of cytology, as treated in this 
chapter, comprises a study of the cytoplasm and its inclusions, both living 
and non-living, exclusive of the nucleus. Until recently, close inspection of 
these elements of the cell in the Pteridophytes at least, was neglected, their 
phenomena being greatly overshadowed by the more striking ones ex- 
hibited by the nucleus. Nor has this fern group been popular in cy tological 
study, for it does not lend itself well to observation. Its widely differing 
members are not universally distributed and its tissues are not easily 
prepared for investigation. Impregnation by the fixatives is difficult, 
probably largely because of the presence of a heavy cuticle, in the gaineto- 
phyte tissue especially. Good sections, once obtained, are, in handling, 
easily washed off the mount and must be treated in some special way to 
prevent this. Vital observation cannot be carried to any extent, for, either 
the organs are too deeply embedded to be seen without sectioning, or the 
chloroplasts mask the other elements in the cell. The literature is, therefore, 
fragmentary but the pieces can be put together to give an account not t<.»o 
inadequate, in spite of the gaps still present in our knowledge. 

The spermatoids, by reason of their motility, were objects early investi- 
gated. Savi (1834) ^) saw them in Nageli ( 1 844) “) in the h'ilicaies 

and (1846)^) in Pilulana, METTEmvs (1850)^) in Thuret ( 1851)'*) in 

h R. Savi, Continuazione delle ricerclie sulla fecoiidazione della..^ Salvinia. 
natans, Nuov. Giorn. d. lett. Pisa 28. 1834. 

-) Nageli, Bewegliche Spiralfaden an Farnen. Zeitschr. f. wLss. Bot. 1, 163-1 33. 
1844. 

Nageli, Ueber die Fortpflanzung der Rhizocarpeeii. Zeitschr. f. wiss. But. 1. 
1846. 

q G. Mettenius, Zur Fortpflanzung der Gefasskryptogamen. Beit. z. But. 1. 
1850. 

®) M. G. Thuret, Notes sur les Antheridies des Cryptogames. Ann. Sc. Nai . Jk)t. 
Ser.-3. 16, 1851. 
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Equ'isetum and Hofmeister (1851)^) in Selaginella, Among the subse- 
quent discussions concerning the component parts of the spermatozoid, the 
sources of its nucleus, cilia and vesicle, or speculations as to the presence of 
centrosomes and their origin, the remarkably accurate descriptions of the 
male gamete by Belajeff (1885-1899) stand out in high relief. In Isoe- 
tes, Selaginella, Equisetum and various members of the Filicinae, he 
observed the transformation of the reticulate nucleus of the mother cell 
(spermatid) *^) into the seemingly homogeneous spiral band, enclosed in the 
cytoplasm of that cell. He stated that the mature spermatozoid is composed 
of a spiral nucleus surrounded by a thin plasmatic envelop which becomes 
an appendage at the posterior end (vesicle of later authors). At the anterior 
end it is bounded on one side by the delicate tip of the nucleus and on the 
other by an intensely staining thread which takes the same stain as the 
cytoplasm, a reaction confirmed by various workers, among them Jackson 
and Rickett( 1 928) ^) .This thread was traced by Belajeff to a rounded body 
(blepharoplast of later authors) in the cytoplasm of each spermatid cell, 
where, by elongation and expansion, it comes to lie about the nucleus of the 
spermatozoid. Both Shaw (1898) ^) and Belajeff (1898) '^) were able to 
-find this body in the grandmother cell of the spermatozoid (spermatng 
mother cell) where it undergoes division, the daughter granules migratidle 
to opposite sides of the nucleus. During mitosis they lie near the spindie 
poles and after cell division is completed, each becomes transformed in the 
manner previously described by Belajeff. Yamanoxjchi (1908) ^) observ- 
ed these granules m Dryopteris parasitica and described their elongation in the 
spermatid cell first to a wedge-shaped body, then to a band, more or less 


W. Hofmeister, Vergleichende Untersuchungen. Leipzig. 1851. 

2) Wl. Belajeff, Antheridien und Spermatozoiden der lieterosporen Lycopo- 
diaceen. Bot, Zeit. 43, 793-802, 808-819. 1885. — tJber Bau und Entwicklung der 
Spermatozoiden bei den Gefasskryptogamen. Ber. d. Deut. Bot. Ges. 7, 122-125. 
1889 . „ Lber den Nebenkern in spermatogenen Zellen und die Spermatogenese bei 
den Farnkrautern. Ber. d. Deut. Bot. Ges. 16, 337-339. 1897. — tlber die Sperma- 
togenese bei den Schachtelhalmen. Ber. d. Deut. Bot. Ges. 15, 339-342. 1897. — 
Uber die Aehnlichkeit einiger Erscheinungen in der Spermatogenese bei Tieren 
und Pflanzen. Ber. d. Deut. Bot. Ges. ISt 342-345. 1897. — tJber die Cilienbildner 
in den spermatogenen Zellen. Ber. d. Deut. Bot. Ges. 16, 140-143. 1898. — Uber 
die Centrosome in den spermatogenen Zellen. Ber. d. Deut. Bot. Ges. 17, 199-205 
1899. 

'^) The cell which by metamorphosis becomes the spermatozoid. 

Jackson and Rickett, Staining reactions of Fern Gametes. Science 68 (1752)? 
89-90. 1928. 

®) W. R. Shaw, Uber die Blepharoplasten bei Owodent und Ber. d. Deut. 

Bot. Ges. 16, 177-184. 1898. 

Sh. Yamanouchi, Spermatogenesis, oogenesis and fertilization in 
dium. Bot. Gaz. 45, 145-175. 1908. (Nephrodium moUe == Dryoptef is parasitica). 
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cioseh^ associated with the nucleus^). This manner of development was 
confirmed by Rankin (1934) Yasui (191 1) found a granule in the 
cytoplasm of Salvinia natans and described its elongation to a thread 
attached to the nucleus. 

Shaw (1898) described a variation of this process in Marsilia ^^). In 
this plant there are only four spermatogenous mitoses and^ daring the 
second of these, Shaw observed a small granule in the cytoplasm of the 
cell. It divides to form two but they disappear during the third mitosis. He 
called this body a blepharoplastoid, for, as it disintegrates, a new one 
appears near each spindle. At the completion of cell division, this granule 
divides in turn and each daughter granule migrates to occupy a polar 
position during the final mitosis. Thus one of these bodies is received by 
each spermatid ceil. Shaw called them blepharoplasts. Each soon frag- 
ments into granules which form an elongating thread in close union with 
the nucleus. Sharp (1914) confirmed this report, showing however, a 
strong achromatic figure about the dividing blepharoplasts. 

More recently Allen (1911) '^) found in the spermatid of Adiantum, 
comma-shaped or irregular, blepharoplasts, lying in the cytoplasm between 
the reticulate nucleus and the cell wall. Cell and nucleus grow and the ble- 
pharoplast elongates to a narrow band, running half-way around the 
nucleus but not in contact with it. Projecting beyond the nucleus anteriorly, 
it remains in this relation even in the mature spematozoid. Nucleus and 
blepharoplast migrate to one side of the cell and assume a spiral shape. 
This is accompanied by a condensation of the chromatin into an apparently 
homogeneous mass and a shrinkage of the cytoplasm to form a close-fitting 
sheath, the bulk of which, lying back of the middle spiral, shows a series of 
vacuoles. 

Until 1930, the term blepharoplast was variously used to indicate the 
deeply-staining band described above, or the granule from which, it arose, 
or even for the entire cilia-bearing, anterior portion of the male gamete. 
Then Muhldorf®), after a long study of the mature spermatozoid, carried 


1) See figs. 9-30 (after Yamanouchi, Allen, Rankin and Yuasa). 

") D. E. Rankin, The life history of Polypodium polypodioides, Joiirn. ICIisba 
Mitchell Sci. Soc. 49, 303-328. 1934. 

») Yasui. On the life history of Salvinia natans. Ann. Bot. 25. 469-483. 1911. 
h W. R. Shaw, Uber die Blepharoplasten bei Onoclea und Mavsilia. Ber, cl. Dent. 
Bot. Ges. 16, 177-184. 1898. 

See figs. 40-52 (after Shaw and Sharp). 

L. W. Sharp, Spermatogenesis in AfamYza. Bot. Gaz. 58, 419-431. 1914. 
p R. F. Allen, Studies in spermatogenesis and apoganiy in ferns. Trans. Wis. 
Acad. Sci. Arts and Letters. 17, 1-56. 1911, 

A. Muhldorf, Berichtigungen und Erganzungen unserer Kenntnisse iiber die 
Morphologie und Histologie pflanzlicher Spermien. Biologia Generalis 6, 457-482. 
1930. 
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his terminology for the Bryophytes over to the Pteridophytes. In an at- 
tempt to simplify terms and avoid confusion, he divided the body of the 
spermatozoid into three parts, without regard to origin, namely, the 
nucleus, the ‘‘plasma-part” (“Plasmasttick”) and the motor apparatus 
(‘■‘Bewegungsorgan”), consisting of cilia-bearing band, or “stalk” of the 
motor apparatus (“Stamm des Bewegungsorgan”), and the cilia. 

The “plasma-part” in the Hepaticae is a constituent of the spermatozoid 
at the moment of fertilization, but in the Pteridophytes it is transient in 
nature, taking the form of a vesicle hanging at the posterior end of the 
spermatozoid and dropping off before the archegonium is entered. Dra- 
ciNSGHi (1930 1932) adopting this terminology, was forced to modi- 

fy it w^hen, in her investigation of the Selaginella spermatozoid, she 
found present both the Hepatic and the fern type of “plasma-part”. She, 
therefore, called the vesicle the “plasma-remainder” and named four con- 
stituent parts of the body for the mature gamete, namely, the nucleus, the 
“plasma-part”, the vesicle (“Plasmarest”) and the motor apparatus 
composed of “stalk” and cilia. 

A second cell constituent which for a long time has held the attention of 
botanists is the plastid. It is very conspicuous and its role in photosynthesis 
"Ogives it great importance. Schimper (1883, 1885) ^), investigating the 
novo origin of plastids, observed certain transition stages among the 
“active chlorophyll grains” of spores of OsTmmda, root tips of Azolla and 
chromatophores of fertile stalks of Equisetum. He concluded that the same 
plastid may exhibit various phases, e.g., a leucoplast, becoming a chloro- 
plast, then returning to its first state, or a chloroplast becoming a leucoplast 
and then a chromoplast. 

Haberlandt (1888) ^), attracted by the diversity in form of the chloro- 
plasts of Selaginella gave a description of their development. In a funnel- 
shaped, assimulatirig cell of the vegetative leaves, there is a green, trough- 
shaped body, thick where it lies at the bottom of the cell and thinner at 
the margins" This is the chloroplast. Its contour is irregular and the nucleus 
lies in close connection with it at the bottom of the trough. In some half 
a dozen species, this solitary chloroplast shows a constriction between two, 
or more, lobes. The lobes move apart but remain connected by a thin plas- 

M. Dracinschi, fiber das reife Spermium der Filicales und von Pilularia 
globuUfera L. Ber. d. Dent. Bot. Ges. 48, 295-311. 1930. 

'^) M. Dracinschi, fiber die reifen Spermatozoiden bei den Pteridophyten. Bui. 
Fac. de Stiinte din Cernanti 6, 63-134. 1932. 

‘^) A. ¥. W. Schimper, fiber die Pintwickelung der Chloropliyllkorner und Farb- 
korper. Bot. Zeit. 41, 105-112, 121-131, 137-146. 1883. (Azolla, Osmunda regalis). 
— Untersucliungen liber die Chloropliyllkorner und die ihnen homologen Gebilde. 
Jahrb. f. wiss. Bot. 16, 1-247. 1885. (Equisetum arvense, p. 108). 

h G. Haberlandt, Die Chlorophyllkorper der Selaginellen. Flora 46 (71), 
.^_^29 1-308. 1888. (S. Martensii, S. caesia, S. grandis, S. cuspidata). 
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matic bridge. Both fixed and fresh material of the stem parenchyma 
revealed in each ceil of the meristem, one single chloroplast somewhat 
larger than the nucleus and clinging to it. A dumb-bell-shaped object arises 
by "^constriction between whose halves the plasmatic bridge soon becomes 
colorless.The resulting bodies may divide again and again as the parenchyma 
tissue differentiates, but each division is incomplete in the sense that the 
plasmatic connection does not break. In the older cells chains may reach 
a length of 0. 15 mm., and consist of as many as 30 spindle-shaped members 
with plasmatic bridges of variable length. This chain Haberlandt con- 
sidered as one chloroplast, an opinion substantiated by the observed 
contraction, under adverse conditions, of the plasmatic connections, even 
to the extent of bringing the separated members again into close contact. 
Each guard cell of a stoma possesses, when young, two somewhat elongated 
chloroplasts connected by a filament. In the older guard cells, the chloro- 
plasts are usually ' four-membered. Haberlandt also pointed out that 
starch is formed in the absence of pyrenoids as in the Phanerogams and 
the other Pteridophytes and that it is present in the form of inclusions 
in the chloroplast. 

By 1907 it was rather generally accepted that the chloroplast consisted 
of a colorless ground substance, protein in nature, through which the 
chlorophyll was in some way distributed. Priestly and Irving ^), cut at I p 
frozen S^?/^^.gw^?//^J: plastids measuring about 0.02 mm. and found the .sections 
to be in the form of uninterrupted rings, and had no doubt that the chloro- 
phyll is restricted to the outer layer. Zirkle (1926)^) described the 
plastids of J dianUm B,s hollow spheroids. His conclusions however have met 
with some criticism. We look, therefore, to future investigation for a 
more adequate knowledge as to the structure of the chloroplast in the 
Pteridophyte group ^). 

During the years from 1910-1920 investigations of another nature were 
going on, stimulated by the discovery in plant cells (Meves, 1904)d) of 
granular and rod-shaped bodies which were called chondriosomes or mita- 
chon dria . Exhaustive searches led to the detection of these bodies in many 

0 J. H. Priestly and A. Irving, The structure of the chloroplast considered in 
relation to its function. Ann. Bot. 21, 407-413. 1907. {Selaginella Mavtensii, S. 
Kraussiana) . 

-) C. Zirkle, The structure of the chloroplast in certain higher plants. Amer. 
Journ. Bot. 13, 301-320, 321-341. 1926. 

3) Heitz (1936) thinks that the chlorophyll is distributed in discs placed parallel 
to the surface of the flattened lenticular chloroplasts. The striations hitherto 
considered as pathological may be merely the discs seen in side view. Ber. d. Deut. 
Bot. Ges. 54, 362-368. 

h Fr. Meves, Uber das Vorkommen von Mitochondrien bezw. chondrornitcn in 
Pflanzenzellen. Ber. d, Deut. Bot. Ges. 22,. 284-286. 1904. 

Elongated threads are often called chondrioconts and chains of granules clion- 
driomites. The entire mitochondrial content of a cell constitutes the chondriome. 
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types of cells. Observations were made principally among the Phanero- 
gams, Algae and Fungi, where the material is particularly favorable for 
in vivo study. The mitochondria were characterized as capable of division, 
able to pass from one form to another, staining more or less rapidly, not with 
the usual vital stains, but with Dahlia violet, methyl violet 5B or Janus 
green. These bodies are dissolved or greatly altered by acetic acid or 
alcohol, thus making necessary special treatment in fixation. The so-called 
mitochondrial methods were introduced into botanical research, of which 
Regaud's combination of formol and bichromate of potassium is a great 
favorite, especially among European botanists. 

Theories and hypotheses had been developed during this period and an 
attempt to extend them to all groups of the plant kingdom led to investi- 
gations of the Pteridophytes. Because of this tendency to look to them 
for further substantiation of concepts originating elsewhere, it is thought 
advisable to review briefly the theories concerned. 

Pensa, Lewitsky, Meves and Alvarado and at first Guilliermond^)^), 
having observed the apparent transformation in cells of granules and 
rod-shaped bodies into chloroplasts, were led to believe that the elements 
of the choiidriome are all alike, some of them remaining as mitochondria 
whose role is unknown, others being transformed, as the cells differentiate, 
into plastids, specialized for photosynthesis. 

Rudolph, Sapehin, Scherrer and Mottier^), however, following the 
chloroplasts through all the stages in the life history of certain Cryptogams, 
and observing these chloroplasts persisting side by side with mitochondria, 
held to the old theory of the individuallity of the plastids. They declared 
that one had to do here with distinct genetical lines for the plastids and the 
mitochondria, explaining that in the Phanerogams there is apt to be con- 
fusion, as the two lines show simitar forms in the embryonic cells. 


h These papers are cited not because they were the first to appear on the subject, 
but rather because the theory of the author is stated therein. 

2) A. Pensa, Osservazioni di morfologia e biologia cellulare iiei vegetali (mito- 
chondri, cloroplasti) . Arch. f. Zellforsch. 8, 612-662. 1912. — G. Lewitsky, tJber 
die Chondriosomes in pflanzlichen Zellen. Ber. d. Dent. Bot. Ges, 28, 538-546. 
1910. — Fr. Meves, Die Chloroplastenbildung bei den hoheren Pflanzen und die 
Allinante von A. Meyer. Ber. d. Dent. Bot. Ges. 34, 333-345. 1916. See also Arch, 
f. mikr. Anat. 89. 1916. — S. Alvarado, Die Entstehung der Plastiden aus Chon- 
driosomen in den Paraphysen von Mnium cuspidainm. Ber. d. Deut. Bot. Ges. 41, 
86-96. 1923. 

K. Rudolph, Chondriosomen und Chromatophoren. Ber. d. Deut. Bot. Ges. 
30, 605-629. 1912. — A. A. Sapehin, Untersuchungeh tiber die Individualitat der 
Plastide. Ber. d. Deut. Bot. Ges. 31. 14-16, 321-324. 1913. Also, Arch. f. Zellforsch. 
13, 319-398. 1915. — A. Scherrer, Die Ghromatophoren und Chondriosomen von 
Anthoceros. Ber. d. Deut. Bot. Ges. 31. 1913. — D. Mottier, Chondriosomes and 
the primordia of chloroplasts. Ann. Bot. 32, 19-114. 1918. 
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There iolio wed further investigation by Guilliermond i) on the Phanero- 
gams and Fungi, and by his students Emberger and Mangenot on the 
ferns and Algae,respectively,which led to the conception of the duality of the 
chondriome. There are, according to these botanists and their supporters, 
two classes of bodies in plants, resembling the animal chondriome (Fig. 1 4 1 ) , 
which present common morphological and histo-chemical properties but 
which differ functionally. The one, composed of active chondriosomes or 
plastids which are colorless in embryonic cells but are capable of producing 
pigment, play a role in photosynthesis and may undergo appreciable 
modifications, due to the products elaborated. The second class, those 
inactive in photosynthesis are called ordinary chondriosomes and their 
role remains obscure. The chondriosomes are considered as independent 
and permanent parts of the ceil, just as are the nucleus, vacuoles and 
cytoplasm. These with the wall, lipoid granules and other inclusions con- 
stitute the elements of a plant cell. 

Variations in this classification and differences in nomenclature have 
appeared. P. A. DangeardI^) described for the plant cell a plastidome, 
composed of plastids, a vacuome composed of vacuoles and a spherome 
in which seems to be included the ordinary mitochondria of Guilliermond 
and certain globules which he a1» first called microsomes. Bowen ‘^) pro- 
posing in a work left uncompleted, to go to the problem with no pre- 
conceived notions of facts or nomenclature, agreed on the presence of a 
plastidome and vacuome in the plant cell, but was impelled by caution 
to call the ordinary chondriosomes of Guilliermond, thepseudochondriome 
as he could not prove them comparable to the animal chondriome. He 
found also disc-like bodies in EquiseUmt cells which he called Vosmiophilic 
platelets’" and which he thought were elements as yet undiscovered. It 
seems more probable that they represent a chondriome altered by the 
fixative as stated by Guilliermond who has clearly demonstrated the 

1) See pp. 204-205. 

“) G. Mangenot, Sur revolution des chromatophores et le chondriome chez 
les Floridees. C. R. Acad. Sci. 170 (26), 1595-1598. 1920. — ■ See also, C. R. Acad. 
Sci. 170. 63-65. 1920. 

•^) P. A. Dangeard, La structure de la cellule vegetale dans ses rapports avee la 
thcorie du chondriome. C. R. Acad. Sci. 173, 120-123. 1931. — Sur la reproduction 
sexuelle chez le Marchantia polymorpha dans ses rapports avec la .structure cellu- 
iare. C. R. Acad. Sci. 178, 267-271. 1924. — See also, C. R. Acad, Sci. 170, 301-306, 
709-714. 1920. and, C. R. Acad, Sci. 171, 69-74. 1921. 

R. H. Bowen, Studies in the structures of plant protoplasm. II The pla.stiome 
and pseudochondriome. Zeitschr. f. Zellforsch. u. mikros. Anat. 9, 1-65. 1929. — 
See also, ibid. 6, 689-725, 1928 {Equisetum awense). — Bull. Tor. Bot. Club 53, 
179-196. 1927. {E. arvense). — Ann. Bot. 53, 309-327, 1929 {E. arvense). 

c) A. Guilliermond, Apropos, des recherches recentes de M. Bowen sur Lappa- 
reil de Golgi. C. R. Biol. 98, 368-371. 1928. Ibid. 101, 567-572. 1929. See also,. 
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inconstancy of osmic acid in impregnation. Bowen himself, said that it is 
impossible to predict what will be blackened by osmic methods ^). 

In opposition to the above hypotheses is that of the school of A. Mayer'^) , 
which is supported by Sharp ^), that the chondriosomes are merely visible 
products of protoplasmic activity or temporary physical states of the col- 
loidal substances composing the protoplasm. In substantiation of this we 
are shown figures made artificially with emulsions by Lowschix and 
Walker which resemble more or less closely these chondriosomal forms. 

Whatever may be the name by which the forms described above are known 
or whatever functions and origins may be attributed to them, the fact 
remains that they are almost universally demonstrable under certain 
given conditions when they take a prominent and conspicuous place among 
the constituents of the plant cell. 

There is some literature to be found concerning the spindle figure but 
its nature and origin during somatic and reduction divisions, its role in 
the cell and relation to the phragmoplast and new cell wall, are still matters 
needing further investigation. A similar state of affairs exists in regard 
to investigation of the plasmodesmen 


1) R. H- Bowen, The use of osmiG-impregnation methods in plant cytology. Bull. 
Tor. Bot. Club 56, 33-52. 1929. 

“) A. Mayer, Bemerkungen zu G. Lewitsky, t)ber die Chondriosomen in pflanzli- 
chen Zellen. Ber. d. Dent. Bot. Ges. 29, 158-160. 1911. — Ibid. 34, 168-173. 1916. 
“) L. W. Sharp, Introduction to Cytology. McGraw-PIill. New York. 1934. p. 92. 

LdwscHiN, „Myelinformen” und Chondriosomen. Ber. d. Deut. Bot. Ges, 31, 
203-209. 1913. 

C. E. Walker, Artefacts as a guide to the chemistry of the cell. Roy. Soc. 
Proc. London (Biol. Sci.) Ser. B. 103, 397-403. 1928. — vSee also, C. E. Walker and 
M. Allen, ibid. 101, 468-482. 1927. . , 

'*) \V. J. V. OsTERHOUT, Gber Entstehung der karyokinetischen Spindel bei Equi- 
setum. Jahrb. f. wiss. Bot. 30, 159-168. 1897. — R. W. Smith, The achromatic 
spindle in the spore mother ceils of Osmunda regalis. Bot. Gaz. 30, 361-377. 1900. — 
P. Denke, Sporenentwickking hei Selagineli a. Beih. Bot. Zentralbl. 12, 182-199. 
1902. (S.pallescens, S. Mavtensii), — J. E. Graustein, Evidences of hybridism in 
Selaginella. Bot. Gaz, 90, 46-74. 1930. p. 52 (six exotic sp. of Selaginella and S. apus, 
S. fupestyis). ■ — Y. Gthei, Einige Beobachtungen uber die Zellteilung in den Ar- 
chesporen und Sporenmutterzellen von Psiloium triquetrum Sw., mit besonderer 
Rlicksicht auf die Zellplattenbildung. Bot. mag. (Tokio) 34, 117-129. 1920. — V. 
JuNGERS, Mitochondries, chromosomes et fuseau dans les sporoc3kes d'Eqmsetum 
limosum La Cellule 43, 323-340. 1934. ~ W. A. Becker and J. H. Siemaszo, 
tiber das Verlialten der Cytoplasmaeinschliisse der Equisetum-s-poven wahrend 
der Zellteilung. La Cellule 45, 29-42. (E. arvense, E. limosum), 

’) P, Terletzki, Ana,tomie der Vegetationsorgane von Struthiopteris gevmayiica 
und Ptevis aquilina. Jahrb. f. wiss. Bot. 16, 452-501. 1884. — A. Meyer, Das Irr- 
thiimliche der Angaben iiber das Vorkommen dicker Plasmaverbindungen zwischen 
den Parenchymazellen einiger Filicinen und Angiospermen. Ber. d. Deut. Bot. Ges. 
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§ 2. The Filicinae. — The g a m e t o p h y t e. — In the mature 
spore of the Osmtmdaceae (Fig. 1 ) there is present a centrally-placed nucleus, 
vacuoles which are large and numerous and a chondriome consisting of 
many large chloroplasts and ordinary mitochondria in the form of granules 
and rods. Kirby (1928) finds that the spores are of two types, those with 
a high number, 80-100, of lens-shaped plastids arranged outwards from 
the nucleus in radiating lines, and those with as few as 14-30 which are 
peripheral in position. These chloroplasts contain 6-9 starch grains, except 
in the case of 0. gracilis where there is no starch. 

In the spores not containing chlorophyll, the chondriome consists of 
granules and the short rods. Some of these rods are larger than others and 
are probably the elements which later develop chlorophyll just before the 
membranes of the germinating spore break. 

In living prothallia the cells are packed with large green lenticular 
plastids (Fig. 2) measuring about 5 (x, which make observations of the 
other elements of the cell difficult. Both Zirkle^) and Rankin describe 
these chloroplasts as hollow, flattened spheroids whose outer stroma sur- 

b K. S. N. Kirby, The development of the chloroplasts in the spores of Osmun- 
da. Journ. Roy. Micros. Soc. 48 (3), lG-34. 1928 (0. palustris aufea, 0. regalis, O. 
gracilis). 

“) M. Moebius, liber die Grosse der Chloroplasten. Ber. d. Deut. Bot. Ges. 38, 
224-232. 1920 (CyclopJiorus adnascens, Dryopteris Filix-mas, Platy cerium- diver gens , 
P. iridioides). — See also Chap. VIII, p. 279, this Manual. 

^) P. 200, note 2 (Adiantum). 

^) P. 198, note 2 {Polypodium polypodioides). 
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rounds a central vacuole containing 2-3 minute, starch grains. Fixed ma- 
terial reveals rod-shaped and granular mitochondria, often clinging to 
the chloroplast, and a large vacuole (Fig. 2) filled with phenol compounds 
which show tannoid reactions. 

During the formation of trichomes, such as the glandular hairs of Dvyop- 
ieris, and on the outgrowth of rhizoids from prothallial cells, there is a 
degeneration of the plastids (Fig. 3) described by Gratzy-Waedengg ^). 

Spermatogenesis. 

The cells of the lower epidermis which give rise to the antheridia in the 
Filicinae 2) are first distinguishable from the other epidermal cells by their 
denser cytoplasm and slightly smaller chloroplasts (Fig. 4). As the cells 
round out and divide to form the young antheridium, there is a gradual 
absorption of starch, the chloroplasts decrease in size, become spindle- 
shaped and stain more deeply (Fig. 5). The mitochondrial rods and gran- 
ules about them seem to increase. The wall cells of the antheridium con- 
tain a sparse cytoplasm, small green plastids, mitochondria in the form of 



Fig. 1-30. (Filicinae). — Fig. 1. Young spore of Todea> barbara enclosing vacuoles, 
mitochondria and plastids (P). (After Pv.) — Fig. 2. Prothallial call of Polypodiace- 
ous type containing mature plastids (P) and precipitated phenol products (C) in a 
large vacuole. (After Emberger.) — Fig. 3. Stages in degeneration of chloroplasts 
in a prothallium of Dvyopteris Filix-mas, (After Gratzy-Wardengg.) — Fig. 4-7. 
Antheridial cells oi Adiantum capillus-Veneris. (After Em bergb:r.) ; 4. Antheridial 
initial and fragment of adjacent cell showing relative sizes of plastids; 5. Later 
stage than fig. 4. showing spindle-shaped plastids (P) ; 6. Cell of antheridial wall 
enclosing vacuoles (CP), ordinary mitochondria (M) and small plastids (P); 
7. Spermatogenous cell wdth mitochondria (M), chondrioconts derived from 
former plastids, and vacuoles. — Fig. 8. Spematid of Polypodium polypodioides 
enclosing mitochondria and plastids. Champy-Kull fix., Altman>;’s stain. (After 
Rankin.) — Fig. 9~10. Spermatid mother cell of Dryopteris dentata with a gran- 
ule (blep>haroplast) at each pole. Flemming’s fix, (After Yamanoochi). — 
Fig, 1 1. Spermatid of Polypodium polypodioides with mitochondria in the cytoplasm 
and blepharoplast body near the nuclear membrane. Champy-Kull fix. (After 
Rankin.) ~ Fig. 12-14 Spermatid cells of Dryopteris dentata enclosing an elongated 
blepharoplast. Flemming’s fix. (After Vamanouchi.) ; 12. .Rounded blepharoplast 
body in cytoplasm; 13. Surface view of wedge-shaped blepharoplast; 14. Cross 
sectionof stage shown in fig. 13. — Fig. 15. Blepharoplast half-\vay around slightly 
elongated nucleus in spermatid of Polypodiuni polypodioides. Granular mitochon- 
dria in the cytoplasm. Champy-Kull fix. (After Rankin.) — Fig. 16-17. Further 
elongation of the blepharoplast in spermatid of Dryopteris dentata. (After Yama- 
nouchl); 16. Surface view; 17. Cross section of sttvge of fig. 16. — Fig. 18-20. 
Spermatid cells of Adiantum capillus-Veneris. Flemming’s fix, (,\fter R. F. Al- 
len); 18. View perpendicular to those of figs. 19, 20 showing blepharoplast band 
(B) very close to nucleus in the contracted cytoplasm of the cell. — Fig. 21-23. 
Stages in elongation of the blepharoplast body in the spermatid ol Notogv am ma 
]aponica. (After Y^uasa.); 21. Elongated blepharoplast showing dark-staining 
thread and lighter staining band; 22. Blepharoplast attached to the nucleus; 
23. Blepharoplast and nucleus coalesced. — Fig. 24-25. Lateral and anterior view, 
respectively, of metamorphosing spermatid of Adiantum capillus-Vcnevis. (After 

^) E. Gratzy-Wardengg, Degeneration von Chloroplasten an Farnprothallien. 
Protoplasma 14, 52-63. 1932. (Dryopteris Filix-mas, Matteuccia StnUhioptevis). 

: ^) Emberger. 
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Allen.) — Fig. 26. Coiled posterior end (a) and anterior end (h) of spermatid of 
Dryopteris dentata Flemming’s fix. (After Yamanouchi.) The blepharoplast extends 
beyond the nucleus at the anterior end, — Fig. 27-28, Migration of the mitochon- 
dria toward the nucleus in the spermatid of Polypodium polypodioides, a stage 
parallel to that of fig. 26, a. Regaud’s fix. (After Rankin.) — Fig. 29. Nearly 
mature spermatozoid within spermatid of Dryopteris dentata. Flemming’s fix. (After 
Yamanouchi.) — Fig. 30. Same stage as fig. 29 but showing mitochondrial granules 
along the inner surface of the nucleus of Polypodium polypodioides. Regaud’s fix. 
(After Rankin.) 
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rods and granules and vacuoles full of phenol compounds (Fig. 6). The 
sperniatogeiious cells lose their chlorophyll but the plastids may be seen 
in some forms up to the time of the formation of the spermatid (Figs. 7, 8). 
The cytoplasm appears dense in fixed material and besides a large nucleus, 
there is present a rich chondriome consisting of short rods, granules and 
long rather thick chondrioconts (Fig. 7). These chondriocoiits Emberger 
does not hesitate to designate as the former chloroplasts. The vacuoles 
seem to decrease in size and gradually lose their contents. 

In material fixed with Flemming's fixative and stained with Heiden- 
HAix's haematoxylin, there can be seen in the spermatid mother cell, two 
granules on opposite sides of the resting nucleus. These occupy polar po- 
sitions during the ensuing division (Figs. 9, 10) and one is seen in each 
spermatid, situated in the cytoplasm between the nucleus and the cell 
wall (Fig. 12). The Champy-Kull method of fixation followed by Alt- 
mann's stain, reveals these bodies during the metaphase of the division 
giving rise to the spermatid i). After Regaud's fixative, they are appar- 
ently not stained^). This granule in the spermatid cell enlarges in a 
manner variously described 2). Yuasa (1934®) using a chrom-acetic fixative 
or R. F. Allen's modification of Flemming's fluid, is able to distinguish 
two regions in this enlarging body, a deeply-staining margin and a lighter 
remaining portion (Fig. 21), The entire body extends itself (Fig. 22) and 
gradually becomes coalescent with the nucleus (Fig. 23). The lighter area 
becomes the cilia-bearing portion in the mature spermatozoid, while the 
deeper-staining margin is thought to become the border-brim (the 
deeply-staining band of Belajeff). 

DracinschF) finds that it is possible to establish the chondriosome nature 
of this border brim ('‘Randsaum") and says that in the spermatid cell 
treated with Altman n's stain and differentiated with methyl green, the 
already thread-shaped chondriosome becomes red along with the smaller 
plastids. Both Rankin^) and Emberger, on the other hand, describe the 
migration of the mitachondria to the nucleus (Fig. 27, 28) where they 
eventually form a double row of granules along its inner surface (Fig. 30). 


0 Rankin, note 2, p. 198; Allen, note 7, p. 198; Yamanouchi, note 6, p. 197 
and the author’s own unpublished observations on 

As well as the wedge-shaped, or round, or Gomma-shaped bodies described by 
Yamanouchi, Rankin and Allen, the author has observed relatively large 
granular, oval or vesiGulate bodies each with threads extending from it in opposite 
directions parallel to the surface of the nucleus. 

h A. Y^u AS A, Studies in the cytology of the Pteridophyta. V. Spermatotelcosis 
ii'i- ^ otogrammd (Como gramme) faponical^Tesl SLiid Pteyis multi fida Poiret with spe- 
cial reference to the development of border-brim, lateral bar and cilia-bearing 
band. Journ. Fac. Sci. Sec. Ill, 4 (4), 389~397Nl934. 

Yuasa, Studies in Cytology of PteridophyteY-L 
s) Dracinschi, notes 1, 2, p. 199. 
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Dracinschi also finds granules in or on the plasmatic membrane surround- 
ing the nucleus when Cajal's silver impregnation method has been 
employed. They are arranged in a single row (Fig. 38) or in groups (Figs. 
35, 137) but their nature has not been determined. 

We are, therefore, confronted with incomplete and conflicting evidence in 
this matter. Are we to conclude that the chondriome of the spermatid cell 
is distributed in the spermatozoid in three places, first along the surface 
of the body in the form of the border brim, secondly over the inner 
surface of the nucleus as variously arranged granules, and thirdly in the 
vesicle in the form of starch-forming plastids? And if the deep-staining 
band in the spermatozoid, and therefore the granule from which it arose, 
be of a chondriosomal nature, then how shall we explain their presence 
in material fixed with Flemming's fluid or their absence after Regaud's ^) ? 

The spermatozoids differ in size, in the amount of coiling and in the 
number and attachment of the cilia^)^) (Fig. 33). In the Polypodiaceae ^)^) 
the male gametes are discharged from the antheridium coiled within a 
membrane which is invisible unless stained ^). They free themselves sud- 
denly and then they appear conical in shape (Fig. 31), for the body, con- 
sisting of from 2.5-3 spirals rests on a vesicle (,,Plasmarest"). This vesicle 
is composed of a homogeneous ground substance in which can be detected 
fat globules, 4-6 oval or round plastids containing starch, and small gran- 
ules staining with neutral red which represent the vacuomeA) . As the 
spermatozoid rotates along an irregularly spiral path, the vesicle slips 
backwards and is finally discarded. The spermatozoid elongates (Fig. 32), 
becomes coiled into 4-5 spirals, is very flexible andis is now ready to enter 
the neck of the archegonium. It consists of a nucleus and amo tor apparatus. 
The nucleus®) extends the whole length of the spermatozoid, beginning as 
a narrow thread which becomes broader until it occupies the entire width 
of the body and then ends in a blunt point. It is surrounded by a plasmatic 
sheath which runs out to a thread at the posterior end, but exhibits granules 
along the inside length of the nucleus (Fig. 35). The stalk of the motor 
apparatus (cilia-bearing band) occupies the greater part of the anterior 
end of the spermatozoid, running back to a point at a region midway along 
the body. It is resistant to maceration and shows only two visible struc- 


Page 201 , line 6. 

2) Yuasa. 

Dracinschi. 

MtiHLDORF, Page 198, note 8. 

Went could not see the vacuoles in the male gamete but suggested that they 
had possibly escaped notice because of their smallness : — F. A. F. G. Went, Die 
Vermehrung der normalen Vacuolen durch Teilung, Jalirb. f. wiss. Bot. 19, 296- 
356. 1888. [Salvinia natans, Polypodium paradiseae, Alsophilei austfalis, Cyathea 
-j^^^^'iedullans). 

Chap. VIII, p. 242; p. 264, this manual. 
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tures.a dark-staining thread (p. 208)at one edge and 40-50 granules scattered 
over its outer surface i). The granules are the basal structures for the cilia 
and their number corresponds to that of the cilia. Each cilium runs out 
to a slender end-piece. 

The mature spermatozoids of Pilularia (Fig. 34) are ovoid in shape. 
The spiral body makes about two and a half turns about a relatively large 
vesicle. The vesicle contains fat globules of varying sizes and 10-16 plas- 
tids containing starch (Fig. 36). The starch grains are often found in de- 
composition. There is no localization of stain as in the ferns to indicate 
the vacuome, but the great amount of slime surrounding the sperma- 
tozoid makes the results of this test uncertain. The body of the gamete is 
composed of a nucleus and the motor apparatus. The border-brim extends 
the whole length of the body and at the anterior end projects like a hook 
(Fig. 37) beyond the nucleus and cilia-bearing band. The 4G-50 cilia are 

Fig. 3 1-52 {Filicinae). — Fig. 31. A recently liberated Polypodiaceous spermatozoid. 
(After Muhldorf.) — Fig. 32. Mature spermatozoid without the vesicle. Thelypteris 
palustYis, (After Dracinschi.) — Fig. 33. Diagram of spermatozoids of Pterido- 
phytes, showing relative lengths of body and cilia, position of border-brim („Rand- 
saum’') and nucleus and arrangement of basal granules in the cilia-bearing band 
(„StamnP'); — a, Selaginella; b, I soeies; c, Filicinae; d, Pilularia globulifeva; 
e, Salvinianatans. (Modified from Dracinschi.) — Fig. 34. Mature spermatozoid 
of Pilularia before the shedding of vesicle. (After Dracinschi.) — Fig. 35. Fragment 
of the nucleus of a spermatozoid of Dry showing granules of unknown origin. 
(After Dracinschi.) — Fig. 36 Plastids with starch from the vesicle of a spermatozoid 
oi Pilularia glohulif era. (After Dracinschi.) — Fig. 37. Upper portion of the sperma- 
tozoid of showing the hook-shaped border-brim („Randsaum'’), 

the linear series of basal granules from which the cilia arise and anterior point of 
nucleus. (After Dracinschi.) — ■ Fig. 38. Granules of unknown nature along nuclear 
surface of spermatozoid of Pilularia globulifera. (After Dracinschi.) — Fig. 39. 
Spermatozoid of Salvinia natans coiled about its vesicle. (After Dracinschi.) — 
Fig. 40-52. Spermatogenesis in ' — ^ Fig. 40. Anaphase of the first spermato- 

genous mitosis of M. quadrifolia with no granules appearing at the poles. (After 
Sharp.) — Fig. 41. Second spermatogenous mitosis ' of M. quadrifolia showing- 
polar granules and surrounding cytoplasmic radiations. (After Sharp.) — Fig. 42. 
Prophases of third spermatogenous mitosis of M. showing alread^^-divided 

granules (“blepharoplastoids") in the cytoplasm’. (After Shaw.) — Fig. 43. Meta- 
phase of the third spermatogenous mitosis of M. showing granules at 

the poles. (After Shaw.) Fig. 44. Anaphase of the third spermatogenous mito- 
sis of M. quadrifolia showing the granules of the second mitosis disorganizing at the 
side of the spindle and the granules of the third mitosis at the poles. (After Sharp.) 
Fig, 45. Resting stage of the spermatid mother cell of M . vestita ^liowmg Vi divided 
granule in the cytoplasm. (After Shaw.) — - Fig. 46. Metaphase of fourth spermato- 
genous mitosis of M. quadrifolia with an irregular body (biepharoplast) at each 
pole. (After Sharp.) — Fig, 47. Late telophase of a spermatid mother cell in M. 
vestita showing blepharoplasts in polar positions. (After Shaw.) — Fig, 48. Frag- 
mented blepharoplasts in spermatid cells of M. vestita. (After Shaw.) ~ Fig. 49. 
Elongated biepharoplast lying near the nucleus in the spermatid cell of M. vestita. 
A mass of starch is seen at the right of the nucleus. (After Shaw.) — F'ig. 50, 
Lateral view of a spermatid cell of M. quadrifolia showing the biepharoplast 

^) See also A. Yuasa, Feulgen's nucleal-staining applied to Pteridophyta. Proc. 
Imp. Acad. 22, 226-268. 1936. for negative reaction of border-brim, lateral bar. 


cilia-bearing band and cilia. 

") Dracinschi, p. 199, note 1. 




L. R. ATKINSON, CYTOLOGY 


extending beyond the anterior end of the nucleus. (After Sharp.) — Fig. 51. A 
three-dimensional drawing of the spermatid of M, v&stita nucleus and the 

dark-staining thread associated with the nucleus, is coiled about the cytoplasmic 
portion of the cell. (After Shaw.) — Fig. 52. The body of the spermatozoid of M. 

after the vesicle has been shed. (After Shaw.) A, starch; BK, basal granule, 
point of origin of cilium; FK, fat globule; HESt, posterior end of “stalk” of motor 
"'^^pjparatus ; If, nucleus; KB, beginning of nucleus; P, plastid; PA, plasmatic 
.neath; BS, border-brim („Randsaum”) ; St, “stalk” of motor apparatus. 
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more delicate than those of the ferns and can be traced to basal granules 
arranged in one row on the cilia-bearing band. The granules in the vicinity 
of the nucleus are arranged in a single row (Fig. 38). 

The mature spermatozoid of Salvinia^) is extruded within a membrane. 
When freed it is similar in shape to that of Pihilaria (Fig. 39). It is coiled 
scarcely twice about a large vesicle containing fat globules, 6-10 plastids 
and numerous vacuoles which stain intensely with neutral red. The body 
of the spermatozoid consists of nucleus and motor apparatus. The nucleus 
does not extend to the anterior end but tapers to a point 1 dp behind it. Gran- 
ules can be stained which lie on the inner side of the plasmatic membrane 
surrounding the nucleus. The stalk of the motor apparatus is bordered on 
one side by the border-brim and shows along its surface a single row of 
basal granules, 25-30 in number, each giving rise to a relatively long cilium. 

Oogenesis and fertilization. 

In the formation of the egg Emberger describes a return to the granular 
chondriome in a cytoplasm containing numerous small vacuoles (Figs. 

Fig. 53-75 (Filicinae). — Fig. 53. A young archegonium of Dfyoptevu dentata 
in which the ventral cell is dividing. (After Yamanouchi.) — Fig. 54. Detail of 
dividing ventral cell of fig. 53 showing “thread structure of unknown origin" 
described by Yamanouchi.: Modified Flemming's fix. (After Yamanouchi.) — 
Fig. 55. Immature egg of Polypodiaceae containing, besides ordinary mitochondria 
and chondrioconts, small vacuoles ( V) with precipitated contents. Regaud’s fix. 
(After Emberger.) — Fig. 56. Granular chondriome in mature egg cellof Polypod- 
iaceae, Regaud's fix. (After Emberger.) —Fig. 57. Coiled spermatozoid nucleus 
in cytoplasm of egg of Lygodium palmatum. (After Rogers.) — Fig. 58. Egg cell of 
L. palmatum shortly after one spermatozoid has entered the cytoplasm; functional 
spermatozoid resting on the nucleus of the egg while its cilia are in the periphery 
of the cytoplasm; supernumery spermatozoids crowded together at the surface of 
the egg cell. Arrow indicates direction of the neck of the archegonium. (After 
Rogers.) — Fig, 59. Cilia found at periphery of cytoplasm after one spermatozoid 
has penetrated the egg nucleus. L. palmatum (After Rogers.) — Fig. 60. Polyspermy 
in L. palmatum. One spermatozoid nucleus within the egg nucleus, cilia and a 
second spermatozoid in the vacuolate cytoplasm; supernumary spermatozoids at 
surface of the egg cytoplasm. (After Rogers.),' — Fig. 61. Four-celled embryo of 
Adiantum capillus -Veneris with its large vacuoles, Plastids, chondrioconts, granular 
and rod-shaped mitochondria are seen in the cytoplasm. Regaud’s fix. (After 
Emberger.) — - Fig. 62. Detail of the 'chondriome of an apical cell of the root of 
Athyvium Filix-f emina; grdcrmldcr and rod-shaped mitochondria (M) and some 
vesiculate elements (Pj. Regaud’s fix. (After Emberger.) - — Fig. 63. Detail of 
chondriome of the cortical parenchyma of the root of Athyvium Filix-femina; 
ordinary mitochondria (M), plastids i;(P). Regaud’s fix. (After Emberger.) — 
Fig. 64. Cells of the cortical parenchyma of the root of Athyvium Filix-femina; 
ordinary mitochondria (ikf), amyloplas'ts (.da). Regaud's fix. (After Emberger.) — • 
Fig, 65-67. Stages in the elongation of the mitochondrial elements in cells of the 
central cylinder from the root of Athyrium Filix-femina. Regaud’s fix. (After 
Emberger.)— Fig. 68. Oblique section of the. apical cellin the stem of Pteridium aqui~ 
linuvnwAth. the elements of the chondriome and the vacuoles clearly defined in the 
cytoplasm. Regaud’s fix. (After EMBERGER.) — Fig. 69. Ceils of young cortical paren- 
chyma of the stem of enclosing granular and rod-shaped mito- 

chondria (M), vacuoles (V) and a few plastids (P). Regaud’s fix. (After Emberger.) 
— Fig. 70. Detail of plastids in fig. 71 . — Fig. 71 . Older cortical parenchyma cells of 

b See note 2, page 210. 



Pteridhmi aquillnum enclosing ordinary mitochondria (iVf), vacuoles (F) and plastids 
(P) the last being larger than those in fig. 69. (After Emberger.) — Fig. 72. Stelar 
parenchyma of stem oi Pteridium showing mitochondria (ikf) and plastids 

(P). (After Emberger.) — Fig. 73. Epidermal cell from a, leaf oi PhyUitis S colop en- 
driuni enclosing a large central vacuole ( Fej5 CP), small mitochondria in the form of 
granules and rods (il-/), large starch-forming plastids (P^j) and nucleus (iV). Re- 
gaud’s fix. (After Emberger — Fig. 74. Ordinary mitochondria and developing 
plastids in an immature stomatal apparatus of the leaf of P/jyPi^fs 

(After Emberger.) — Fig. 75. Vacuolar system in the vascular meristem 
-if a young leaf of . 4 (After Emberger.). 
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55, 56). In this connection one might mention the thread stucture of 
unknown origin which Yamanouchi found, in the cytoplasm of the dividing 
central cell (Figs. 53, 54), The canal cells also undergo this granulation 
of the chondriome and then disintegrate as the egg reaches maturity. In 
the cells of the neck of the archegonium and those of the prothallium 
forming the venter can be seen vacuoles and chloroplasts, the latter sur- 
rounded by ordinairy mitachondria. The egg cell at the time of fertilization 
is well distended 4-), not concave as so often described (Fig. 56, 58). It is, 
however, impossible to foUow the course of the sperrnatozoid in living 
material because of the large number of chloroplasts in the neck cells and 
the embedded position of the venter. In fixed archegonia of Lygodmm ^•) 
the spermatozoids can be found at various stages in the penetration into 
the cytoplasm of the egg. They are coiled (Fig. 57) and surrounded by a 
hyaline area interpreted as the cytoplasmic sheath. The supernumerary 
spermatozoids remain crowded together at the surface of the egg cell 
(Figs. 58, 60). In a preparation fixed an hour after flooding, the coiled 
sperrnatozoid was found touching the egg nucleus (Fig. 58). The cytoplasm 
at the base of the egg is now conspicuously vacuolate. No cilia are observed 
attached to the spermatozoid, but in the cytoplasm on the side toward 
the neck of the archegonium are found definite hair-like structures (Figs. 
58-60) more or less concentrically arranged in semi-circles^). They are 
strikingly diagrammatic, often persisting for some time after the sperm- 
atozoid nucleus has penetrated that of the egg. One is inclined to inter- 
pret them as cilia thrown off as the spermatozoid makes its way toward 
the egg. After penetration, the spermatozoid nucleus undergoes a slow 
process of expansion in the nucleus of the egg, until the two constituents 
become indistinguishable. Vacuolization of the cytoplasm progresses, 
especially at the periphery of the cell and Emberger finds that t he plastids 
again develop and manufacture starch. Ordinary mitochondria are con- 
tinually present. 

The cells of the prothaliium about the fertilized egg lose their starch 
and return to the chondriocont form. Gratzy-Wardengg ' h observed a 
degeneration of the chloroplasts in the prothaliium which can be foliow*ed 
successively from cell to cell as the sporophyte grows. First the plastids 
lose their pigment, then decrease in size and sometimes agglutinate, 
becoming speckled and vacuolate (Fig. 3), a change in viscosity 


p L. Rogers (Atkinson), Development of the archegone and studies in 
fertilization in Lygodium palmatum. La Cellule 37, 327-352. 1926. Fertilization is 
also described by Campbell. Ann. Bot. 2, 233-264. 1888 {Pilitlaria) \ by Shaw. 
p. 198, note 4; by Yamanouchi, p. 197, note 6. — Also Chap. VfU § 7. 

“) See also Shaw’s fig. 3. The fertilization of Onoclea. Ann. Bot. 12, 262-285. 
1898 (0. sensihilis, MaUeuccia StruthiopteHs) . 

P. 206, note I. 

' . \ 
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often being accompanied by amoeboid activity. The final result is a 
'‘■chondriocont-likc leucoplast”, whose return to the state of a chloroplast 
can be brought about in most cases by the removal of the sporophyte. 

Polyspermy occurs, at least in Lygodium (Fig. 60). 

The sporophyte. — The four-celled embryo contains large 
vacuoles and a chondriome which consists of short rods, granules and 
somewiiat heavily-stained, starch-bearing elements, the young plastids. 
These elements are about the nucleus (Fig. 61). The w^edge-shaped intitial 
cell of the leaf of Gymnogramme stdphurea at the momentwhen that organ 
first pierces the archegonial envelope, contains a weakly-staining 03^0- 
plasm with, large vacuoles^). In the neighboring cells there are small 
vacuoles present, enclosing precipitates which stain heavily with haema- 
toxylin. The mitochondria are few in number and in the shape of granules 
and short rods, but in the superficial cells they develop rapidy into starch- 
bearing chloroplasts. 

In the independant sporophyte, the apical cell of the root is large, its 
cytoplasm containing numerous vacuoles without visible content and a 
chondriome made up of granules and rods (Fig. 62). Some of the rods are 
vesicular in shape indicating the presence of starch^). ^). The segments 
nearest the apical cell show essentially the same characteristics. Toward 
the root cap the vacuoles in the cells are filled with phenol compounds 
which make observation difficult but ordinary mitochondria as well as 
longer starch-containing rods can be observed. These begin to disintegrate 
in the older cells of the root cap and eventually disappear with the cyto- 
plasm. In the meristematic tissue behind the apical cell, there is a con- 
siderable elongation of the mitochondria (Fig. 64) and under high magnifi- 
cation starch inclusions may be observed. In the external region of the 
cortex there are large am^doplasts, so packed with starch that it appears 
to be in chains (Fig. 63) , These are accompanied by ordinary mitochondria. 
The vacuoles are small. They are round or elongated and, swelling rapidly, 
form the t^^pical large vacuole filled with phenol products. In the central 
cylinder, progressing from the apex of the root to the older cells there 
is a gradual lengthening of the chondrioconts accompanied by a loss in 
staining capacit}’’ (Figs. 65, 66). These chondrioconts form a confused 
bundle of filaments about the nucleus (Fig. 66), an element here and there 
showing a grain of starch. Existing side by side with them are granular 
mitochondria and short or thin rods. Even in the members of the pericycle 
the elongation is considerable. The vacuoles of the central cylinder develop 


h A. Vladesco, Recherches morphologiques et exp6rimentales sur Pembryoge- 
nie et Torganogenie des foiigeres leptosporangiees. Dissertation. Paris 1934. 
Emberger. 

Mottier, p. 201, note 3 {Adiantum pedatum). 
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slowly. They are pseudomitochondrial in form at first but eventually 
increase in size and fill with phenol compounds (Figs. 66, 67). 

In the stem of the Filicinae the apical cell is large and its vacuoles 
have no visible contents (Fig. 68). The chondriome consists of short rods 
and granules packed about the nucleus, some among them containing 
starch while others of similar form do not. As the cells of the cortical 
parenchyma differentiate there is, in general, an elongation of the ordinary 
mitachondria to chondrioconts (Fig. 69). In the older parenchyma cells 
these become gradually less chromatic until only the plastids are dis- 
tinguishable (Fig. 70. 71). The stelar parenchyma is made up of long cells 
which when young contain vacuoles without visible contents and a chon- 
driome consisting of rods, granules and lightly elongated chondrioconts, 
with or without starch (Fig. 72). In the procambial strands the starch 
is absorbed and the plastids, as well as the ordinary mitochondria, undergo 
elongation. 

The young leaf cells have large nuclei, small elongated or round vacuoles, 
containing phenol compounds, and granular and rod-shaped mitochondria 
in which all the elements seem to be of the same value. Soon some of them 
elongate and manufacture starch and as the protoplasm becomes more 
vacuolate, some of the mitochondria appear markedly thicker and plastid- 
like, as in the root parenchyma. The small ordinary mitochondria remain 
as earlier described and the large chondriosomes fragment to form plastids. 
Inactive chondrioconts are rare. In the epidermal cells of the differentiated 
leaf there are granules and rods present as well as large lenticular plastids 

Fig. 76-95 (Filicinae). — Fig. 76. Central cell of a young sporangium of Dryopteris 
dentata enclosing mitochondria in the form of short rods and granules. Formol- 
chormic-and-osmic-acid fix. (After Senjaninova.) ■ — ■ Fig. 77. Portion of tapetal 
layer and enclosed spore mother cells in a sporangium, of Asplenium Rtita-mtiraria; 
chondriome of the tapetum containing somewhat elongated elements but that of 
the spore mother cells is granular. Regaud's fix. (After Emberger.) — Fig. 78. 
Spore mother cell of Todea havhava just before reduction division ; a few chondrio- 
conts persist about the nucleus. Sublimate-formol fix. of Mangenot. (After Py.) 
— Fig. 79. Tapetal cell at the stage of the spore mother cell. Todea barhara. (After 
Py.) — Fig. 80. Section of a sporangium oi Asplenium Ruta-muravia nt the spore 
mother cell stage. Regaud’s fix. (After Emberger.) — Fig. 81. Diakinesis in Todea 
barbara of the first division in the spore mother cell showing the mitochondria 
scattered indiscriminately in the cytoplasm. Sublimate-formol of Mangenot. 
(After Py.) — Fig. 82. Same stage as that for fig. 81; mitochondria arranged in 
groups in the cyto'pl3.sm oi Dryoptens dentata. Formol-chromiG-and-o.smic-acid fix. 
(After Senjaninova.) — Fig. 83-86. Reduction divisions in Dryopteris dentata. 
Formol-chromic-and-osmic-acid fix. (After Senjaninova) ; 83. End of first reduction 
division; inv asion of the equatorial region of the cell by the mitochondria ; 84. The 

^) Emberger uses this term to designate the filamentous form developing from, 
the early spherical elements. See classical description of the vacuole by the Dan- 
geards. — C. R. Acad. Sci. 169, 1005-1011. 1919. and C. R. Acad. Sci. 170, 474- 
478. 1920. 

‘^) Emberger. 

^) Went described the vacuole in the apical cell of the stem in the species listed 
on p. 209, note 5. 
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mitochondrial band separates the spindles of the second reduction division : 
85. Y'oung tetrad showing splitting of the mitochondrial plate; 86. Division of the 
mitochondrial body into four nearly equal parts by the new cell walls of the tetrad. 
Fig. 87~90. Stages comparable to those of figs. 83-86, in the spore mother cells of 
Dryopteris dentata following fixation with Flemming’s fluid. (After Yamanouchi.) 
— Fig. 91. Fir.st reduction division in the spore mother cell of Marsiltu quadri folia; 
starch mass moving to an equatorial position. Flemming’s fix. (After Marquette.) 
Fig. 92. Same stage as that of fig. 84 and of fig. 88; starch masses separating the two 
spindles of the second reduction division. M. quadrifolia. (After Marquette.) — 
Fig. 93. Y'oung tetrad surrounded by tapetal tissue showing granular chondriome. 
Regaud’s fix. (After Emberger.) — ■ Fig. 94. Young spore of Dryopteris dentata; 
certain mitochondrial elements have enlarged. (After Senjaninova.) — Fig. 95. 
"^'^Sahall plastids and rod-shaped and granular mitochondria in a young spore of a 
tetrad. Todea harbara. (After Py.) 
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containing starch (Fig. 73). The parenchyma cells show large and numerous 
plastids which decrease in size toward the interior of the leaf. Tlie cytoplasm 
is sparse and the vacuoles, usually only one in each cell, contain phenol 
products. The stomatal apparatus of the epidermis contains at first a 
homogeneous chondriome in which small plastids gradually become 
differentiated (Fig. 74). They soon take the form of typical chloroplasts 
and mask the mitochondria in the mature guard cells. The plastids in the 
under epidermis are small. In the stele there is an elongation of the mito- 
chondrial elements as in the root and the vacuoles are distinctly fila- 
mentous in form (Fig. 75). 

The hairs of the water leaves of Salvinia present a pnenomenon of 
degeneration described in both living and fixed material by Cholodnj ^). 
In the young cells the typical, bright-green plastids are biscuit-shaped 
and very large, measuring 7p by 20(x, containing starch grains whose size 
is comparable to that of the starch grains in the air leaves, but in older 
cells there are found only colorless bodies of small dimensions (0.5p by lOpi) 
whose contours are irregular. In a hair consisting, for example, of seven 
cells, this change from large to small plastids does not go on throughout 
at the same rate. The chloroplasts at the tip gradually decrease in size and 
lose their starch, those at the base at first become larger and greener, then 
suddenly, they too, lose starch, become colorless and shrivel. The chloro- 
plasts are accompanied by the other elements of the chondriome in the 
shape of granules and rods. 

The sporangium of the Filicinae ®) '^), arises from an epidermal cell 
in which there is an absorption of the phenol compounds in the vacuoles 
and a reduction to a size which is maintained during the subsequent develop- 
ment of the organ. The large chloroplasts of the initial cell lose their starch, 
become fusiform and divide actively. The ordinary mitochondria are 
present as rods and small granules. As the tissues of the sporangium 
differentiate small plastids are seen in the cells of the stalk and mechanical 
layer. In the tapetal cells there are numerous vacuoles containing phenol 
compounds, granular and rod-shaped mitochondria and chondrioconts. 
In the central cells, the plastids lose their chlorophlyll and all forms may 
be observed from lenticular chloroplasts to chondrioconts but they are not 
as numerous as the ordinary mitochondria (Fig. 76). In the spore mother 
cell there is a large nucleus in a dense cytoplasm containing small 
vacuoles, granular mitochondria, rods and. beautiful chondrioconts 

h N. Cholodnj, t)ber die Metamorphose der Plastiden in den Haaren der Was- 
serblatter von Salvinia natans. Ber. d. Deut. Bot. Ges. 41, 70-79. 1923. 

2) Emberger. 

q G. Py, Recherches cytologiques sur Tassise nouricicre des microspores ct ies 
microspores des plantes vasculaires. Dissertation. Paris 1932. [Todea barbara). 

M. Senjaninova, Chondriokinese bei Nephrodium mollc, Zeit. f. ZellXorsch u. 
Mikros. Anat. 6, 493-508. 1928. 
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which seem to surround tfie nucleus (Figs, 77, 78, 80). During the 
heterotypic prophases as the ceil increases in size i) there is a segmen- 
tation of the chondriome and only rare chondrioconts are seen (Fig. 82) . 
Some of these are thicker and more deeply-staining than the others and 
probably represent the plastids. The vacuoles are well distributed in the 
cell. At metophase, Py (Fig. 81) does not observe the polarization of the 
chondriome described by Senjaninova (Fig. 82). The mitochondrial 
elements remain granular throughout the reduction divisions in the spore 
mother cells but in the plurinuclear tapetum surrounding them which 
contains many chondrioconts, rods and granules and numerous vacuoles, 
there is a development of plastids which begin to manufacture starch (Figs. 
79, 80). The chondriome of the young spores (Fig. 93) is granular. As they 
mature and the tapetum disappears there appear chondrioconts and then 
plastids among the mitochondria of the ordinary form (Figs. 94, 95). The 
vacuoles may be rather large and are found to contain phenol compounds. 

Senjaninova describes for (Figs. 82-86) the formation of 

a compact mitochondrial mantle which in behavior is very like that 
described for Equisetum by Lewitsky ^). At the metaphase of the spore 
mother cell, the mitochondria surround the nucleus either as a compact 
mass or in groups (Fig. 82) but during the telophases, the entire chon- 
driome accumulates at the equator (Fig. 83-85) where it forms a zone 
which, although it contains vacuoles, is still more dense than the surround- 
ing cytoplasm. The plate soon shows a cleavage at its center. When after 
the homoeotypic division the new wall is laid down between the pair of 
sister nuclei, this wall reaches from the outer membrane of the spore 
mother cell on the one hand and to the above-described mitochondrial 
plate on the other and when all the walls are complete each spore receives 
approximately a quarter of the mitochondria of the spore mother cell 
(Fig. 86). One is struck by the close resemblance of the figures of Senja- 
ninova •^) to those of Yamanouchi ^) who described for Dryopteris a 
granular zone which formed at the equator during the reduction divi- 
sions (Figs. 87-90). This is also reminiscent of Marquettes observations ^) 
on Marsilia where in the spore mother cell he saw an aggregation of starch 
grains in close contact with the nucleus. These occupy a position at one 

h R. DE Litardiere, Variations de volume du noyau et de la cellule chez quel- 
ques Fougeres diirant la prophase heterotypique. C, R. Acad. Sci, 156, 562-564. 
1913. {Polystichum aculeatmn, Dryopteris Filix -mas, Asplenium Tvichomanes, A. 
A diantum-nigrum) . 

") P. 231, note 3. 

P. 218, note 4. 

Sh. Y'amanouchi, Sporogenesis in Nephrodium, Bot. Gaz. 35, 1-30. 1908. (iV. 



•^) W. Marquette, Concerning the organization of the spore mother-cells of 
Marsilia quadrifolia, Trans. Wis. Acad. Sci., Arts and Letters. 16, 81-106. 1908. 
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side of the spindle at the beginning of division but at the end of the first 
division move in between the disappearing spindle fibres where they 
remain until the nuclei of the second divison are reconstructed (Figs. 91 
92). During the cell division to form the spores, the starch is so distributed 
that each spore receives an equal quantity. 

§ 3. Lycopodiinae. — The gametophyte. — Thegameto- 
phyte of this group has been investigated in its morphological rather 
than in its cytological aspects. 

Spermatogenesis. — Cytological accounts of the developing 
spermatozoid are not available but Dracinschi has given a description 
of the mature gamete. In Isoetes (Fig. 96) the free-swimming cell consists 
of motor apparatus, nucleus and two vesicles which are soon lost. These 
vesicles first appear as two discs but soon after the release of the sperma- 
tozoid they absorb water to such an extent that they double their original 
diameter. Each contains fat and vacuome elements but shows no positive 
reaction for starch. The nucleus, pointed at each end, is enclosed in a 
spongy plasmatic structure and does not extend to the most anterior tip 

Fig, 9 1-\ 12, [Lycopodiinae). — Fig. 96. Mature spermatozoid of Isoetes lacustve. 
(After Dracinschi) — a, detail of cilia. ■ — Fig. 97. Spermatozoid of Selaginella coiled 
about the vesicle. (After Dracinschi.) Fig. 98. Spermatozoid of Selaginella after 
the vesicle has been liberated. (After Dracinschi.) — Fig. 99. Spermatozoid of 
Selaginella invohens the moment of extrusion from the antheridium. (After 
Yuasa.) — Fig. 100. Detail of anterior portion of the spermatozoid of Selaginella 
involvens showing the common point of attachment of the cilia, a, b. (After Yuasa.) — 
Fig. lOi. Mature spermatozoid of Selaginella involvens enclosing granule.s (b) in the 
posterior portion of the body; a) sharp posterior tip (After Yuasa.) Fig. 102. 
Chloroplasts in a cell at the apical region in t^XQ^t^motLycopodium. ( After Ember- 
GER.) ' — Fig. 103. Elongated elements of the chondriome ill a cell of the stelar tisue of 
Lycopodium. (After Emberger.) — Fig. 104. Y'oung spore mother cell of Lycopodium 
showing the somewhat elongated chondrioconts. (After Emberger.) — Fig. 105. 
Chondrioconts in a spore mother cell of (After Emberger.) Fig. 106. 

Living cells of the apical region of the stem containing each a long filament. Selaginel- 
la Kfaussiana. (MtQx Emberger.) — Fig. 107. Cells inthe living cortical parenchyma 
of the stem of S. Kraussiana shoeing different types of chloroplasts, (After Em- 
berger.) — Fig. 108. Chloroplast chain in a, living cell of the cortical parenchyma 
of the stem. 5. Kraussiana. (After Emberger.) — Fig. 109. Two chloroplasts from 
living pericycle cells of S. Martensii. (After Emberger.) — Fig. 110. A tooth from a 
living cell of the leaf of S. Martensii. (After Emberger.) — Fig. 11 1. Guard cells 
from a living leaf of S. (After Emberger.) — Fig. 112. a) Healthy 

cliloroplast from a cell on the under Hde of a variegated leaf of 5. Martensii. (After 
Schwarz.) ; 6) Beginning of degeneration of the chloroplasts in a variegated leaf of 
5. Martensii. (After Schwarz.) --- F'ig. 1 13. A state of nearly complete degeneration 
of the chloroplasts in a leaf cell of 5. (After Schwarz.) — Fig. 114. 

Stomatal apparatus in leaf of healthy chloroplast in the guard cell at 

the left, degenerating chloroplasts in the cell at the right. (After Schwarz.) ---- 
Fig. 116. Cell of the central cylinder of the stem of Selaginella showing elongated 
chondriome; P, plastids; M, ordinary mitochondria. (After Emberger.) — Fig. 1 16. 
\oung spoiangium of Selaginella. (After Emberger.) — Fig. 117. Portion of the 
apical region of a median section through the mature macrospore of S , rupestris; 
protoplasm c ontaining much protein matter. (After Lyon.) -- Fig. 118. Late diaster 

P. 199, note 1. [Isoetes lacustre, I. japonica). 
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ill a young leaf cell of Isoeies lacustre showing polar positions of starch grains. 
(After Marquette.) — Fig. 1 19. Young leaf cell of I. melanopoda enclosing a pi astid 
at one side of the nucleus. (After Ma.) — Fig. 120. Young leaf cell of 
with two daughter plastids on opposite sides of the nucleus. (After Ma.) — Fig. 121 . 
Young leaf cell in J. melanopoda: inetaphase with two plastids occupying polar 
'‘P£>sitions in the cell. (x\fter Ma.) — Fig. 122. Four plastids in a cell from the upper 
part of the leaf of I. melanopoda, (After Ma.) : 
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of the antherozoid. The “stalk” of the motor apparatus is homogene» 
ous and transparent, traversed on its outer margin by the border-brim, 
which extends almost to the nucleus on one side and back far below it on 
the opposite side (Fig. 33). Like that of the Filicinae and Equisetuni it is to 
be regarded as a chondriosome. The cilia, about 25 in number, arise from 
basal granules situated on the “stalk,” four of them grouped together at the 
anterior end and the rest extending backward along the “stalk” in a 
single row. 

In Selaginella the liberated spermatozoid consists of motor apparatus, 
plasma-part, nucleus and vesicle (Fig. 97). When first released the body 
surrounds the lens-shaped vesicle in a single coil. Then the vesicle absorbs 
water, becomes spherical and is soon set free. It consists of clear, seemingly 
homogeneous, fluid cytoplasm, containing fat substances demonstrable 
with Sudan* III and starch grains, probably in plastids. The rod-shaped 
nucleus is 2.5pL long and is embedded in easily visible cytoplasm (Fig. 98) 
the “plasma-part”. This is the only genus in the Pteridophytes for which 
this part has been described. The “stalk” of the motor apparatus occupies 
the anterior end of the spermatozoid, does not macerate easily and gives 
rise to one ciiium at the tip, to another longer one at a point somewhat 
below. Each of these is traced to a basal granule. Yuasa 2) did not observe 
the basal granule at the point of origin of the second ciiium, and maintains 
that the two cilia arise at the same point, but that one adheres to the 
body of the gamete for a certain distance (Figs. 100, 101). The plasma-part 
is only a little wider than the stalk and attached directly to it. It is divided 
into two portions by the nucleus, the anterior containing two granules, the 
posterior containing 4-5, some of which, perhaps all, are chondriosoines 
(Figs, 98, 99, 101). The resemblance to the Char a and Hepaticae sperma- 
tozoid ^) is very striking. 

The sporophyte. — ^In the viscous cytoplasm of the small 
living meristematic cells at the tip of the vegetative stem of Lycopodium 
may be seen a large nucleus and several rod-shaped or round chloroplasts. 
In older cells they become large and full of starch and may be as many as 
15-20 in a cell. The vacuoles stain brown with I-KI. In fixed material, one 
can observe that the chloroplasts develop in the parenchyma, divide and 
form starch, while in the stele they regress to become fine filaments, in the 
course of which they lose their starch (Fig. 1 03), In the root a similar course 
of development may be followed. 

The young leaf, forming early in the bud, exhibits the same cytology 
as those cells from which it has come. The meristem ceils at the base of an 
older leaf co ntain somewhat elongated chloroplasts which are larger than 

0 P. 199. 

Yuasa [Selaginella involvens,}. 

3) Muhldorf, p. 198, note 8. 

Emberger. 
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those of the stem. Near the stele, the plastids are filamentous but at the 
tip of the leaf they assume their mature form and become pigmented. 

Except that the sporangium in Lycopodium}) arises from ceils containing 
small plastids and not from colorless cells as in Selaginella, one might 
superimpose the two stories of development. The primordia of the future 
sporangium do not differ in cellular content from those leaf cells giving 
rise to them, but as the sporogenous cells develop, the chlorophyll in them 
disappears and during the entire process of sporogenesis, no chlorophyll 
can be seen. It is a well known fact that the spores of Lycopodium do not 
give a reaction for starch. In the stalk and dehiscence layer the plastids 
continue to grow, remaining as rods more or less elongated in the stalk but 
becoming round at the summit of the sporangium. Here they reach their 
maximum development at the time the spore mother ceUs form and then 
they become absorbed during the maturation of the sporangium. The 
tapetal cells contain well-developed plastids but in the sporogenous cells 
there are only chondrioconts to be seen in living material. Fixed prepa- 
rations reveal the second class of mitochondria in the form of filaments, 
tods and granules. They are especially visible in the peripheral cells of the 
stalk of the young sporangium. The vacuoles do not present striking par- 
ticulars but in certain cells their contents may turn yellow brown with 
I~KI in the manner of glycogen ^). Oil globules are every where abundant. 
The spores of Lycopodium in living material do not appear green but 
Sapehin 2) reported the presence in the spores of fat globules which reduce 
osmium. The non-photosynthetic chondriome has the classic form and 
chlorophyll appears at germination. 

In vivo observations of the exceedingly small meristem cells of the stem 
tip in Selaginella are difficult by reason of the metabolic products which 
mask even the rather large nucleus and the fine undulous filament 
whose index of refraction is only slightly greater than that of the cyto- 
plasm. This filament (Fig. 106) changes position in the cytoplasmic cur- 
rents, is sensitive to osmic acid and presents the fixing and staining 
characteristics of a chondriosome. In older cells it takes on pigment and 
prepares for a division which is so seldom completed that chains of chloro- 
phyll bodies are formed (Figs. 107, 108) as described by Haberlandt ^) . 
Fixed preparations confirm this and bring out the second line of mitochon- 
dria in the form of numerous granules, rods and rare chondrioconts. In 
fixed material of the apical cells of 5. Kraussiana, Emberger found a 
chondriome in which it was impossible to distinguish the filament seen in 
living material except for its proximity to the nucleus. The vacuoles of 

b Emberger. 

2) 1915. P. 201, note 3. 

P. A. Dangeard, Plastidome, vacuome et spherome dans Selaginella Kraus-’ 
-’Siana. C. R. Acad. Sci. 170, 301-306. 1920, 

P. 199, note 4. 
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these young cells are small and round, filled with reserves which stain a 
dirty green with haematoxylin following Regaud’s fixative. In older cells 
they enlarge but have not been observed to pass through the pseudomi- 
tochondriai stage observed in the Phanerogams^) .Fatty globules are present 
in all cells. 

In the young vascular tissue the rather rigid plastids are accompanied 
by rods, granules and numerous filamentous, more or less elongated, 
chondrioconts (Fig. 115). In the central cylinder all mitochondrial elements 
elongate, the plastids lose their pigment and in the future vessels, the 
entire chondriome is absorbed. In the pericycle the chloroplasts elongate 
and present diverse and beautiful forms. In the cortical parenchyma the 
chlorophyll bodies are usually in chains and are accompanied by chon- 
drioconts, rods and granules of the usual type. 

The cytology of the root of the Lycopodiinae is said to be similar to 
that of the stem. 

The leaf inherits the constitution of the tissue from which it was derived. 
In the young living organ, each cell presents a large nucleus and a single 
pale green plastid near or over it. This plastid divides to form two but 
rarely more, while in those cells nearest the point of insertion of the leaf, 
there is less chlorophyll, the plastids being replaced by filaments of little 
or no color. These filaments are homologous to the chondrioconts of the 
apical cells. Approaching the tip of the undifferentiated leaf tissue ^) the 
filamentous plastid thickens, rounds up and becomes lenticular or dumb- 
bell shaped. These may break apart and in the cells at the tip of the leaf 
the chloroplasts may appear round but they do not long remain so, for 
by a series of incompleted divisions there is formed an infinite variety of 
extraordinary forms as described by Haberlandt®). Emberger describes 
a second method whereby the chains are formed. A long filament becomes 
nodulate (Fig, 109) its aspect varying with the nature of the cell enclosing 
it. The young teeth possess plastids, round in some species, in the form of 
chains in others (Fig. 1 1 0) but as the teeth develop, the assimilation appa- 
ratus disorganizes, the starch is absorbed and the plastids lose their 
pigment. In fixed material of the teeth cells which grow near the insertion 
of the leaf, there is shown a return to a chondriome of rods and grains. 
In differentiated leaves the epidermal cells of the two leaf surfaces do 
not exhibit similar chloroplasts for those which receive the sun's rays have 
fewer chains and contain more chlorophyll. The guard cells are as described 
by Haberlandt (Fig. Ml). 

In the leaves of green house plants of S elaginella cold, temper- 


h Guilliermond, a. Mangenot, Plantefol, Traitede Cytologic vegetale. 1933. 
p. 297-307 and fig. 157. 

‘^) Emberger. 

h Haberlandt, p. 199, note 4. 
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atures, Schwarz finds a degeneration of the chloroplasts which results 
in the appearance on the leaves of white areas, more or less large. Each 
cell of the leaf receives a normal plastid (Fig. 112 a), but in some regions 
they lose their pigment and become granular (Fig. il2b). Then their 
contours seem to dissolve and in the end the chloroplast disappears (Fig. 
113 ). Even sister cells may behave differently (Fig. 114), characteristic 
plastids being visible in one of them, degenerated plastids in the other. 
A similar process is described in the ligule. 

In the ligule at an early stage there can be seen in living material of 
Selaginella a crescent-shaped, flexuous body adhering to the nucleus. 
It is similar to that found in the apical region of the stem. In material 
treated with Regaud's fluid, this body, or plastid, is accompanied by 
numerous mitochondria of the ordinary form. The filament can not be 
seen in living cells of the organ at a later stage, but in fixed material its 
degeneration can be followed. The plastid becomes thin and loses its 
affinity for stains. There is a fragmentation of all the elements of the 
chondriome during which the ordinary mitochondria are first affected. 
Eventually all the elements become vesiculate and disappear. 

The vacuoles of this group are small and round in young cells but become 
very large in the adult stages without passing through the filamentous 
form described for the other ferns ^). Fat granules are almost always 
present and are carried more rapidly than the mitochondria in the cyto- 
plasmic currents. 

One should not leave the subject of the leaf without mentioning, for 
what it is worth, a certain tendency toward polarity manifested by the 
plastids of Isoetes. Marquette^) and Ma ^) describe a single plastid in 
very young leaves (Fig. 119) lying in close contact with the nucleus. 
This plastid may divide, its two halves moving to opposite sides of the 
nucleus (Figs. 118, 120, 121). This may be in response to some sort of 
polarity in the cell. On the other hand, the plastids may take these polar 
positions because they can not very well be anywhere else by reason of the 
vacuolate condition of the cell, or because of the large area occupied at 
the equator of the cell by the spindle. 

In cells where there are four (Fig. 122) or more chloroplasts, they ob- 
viously can not occupy polar positions, nor can they in leaves of plants 
growing in full light where the number of plastids may be as high as 30 
per cell. 

0 W. Schwarz, tjber die Ursachen und das Zustandkommen der Panascliierung 
bei einer Form der Selaginella Martensii. Protoplasma 10, 427-451. 1930. 

“) P. 215, 216. 

W, Marquette, Manifestations of polarity in plant cells which are apparently 
without centrosomes. Beih. z. Bot. Centralbl. 21, 281-303. 1907 (I. lacustre). 

R. M. Ma, The chloroplasts of Isoetes melanopoda. Amet. Journ. Bot. 15, 
277-284. 1928. 
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Fitting 1), however, after studying living material of 19 species of 
Isoefes and 9 of SelagineUa, reported that in the macrospore mother ceil 
a mantle of starch grains forms about the nucleus. It was observed to 
elongate, divide into two parts, each of which migrates to opposite sides 
of the cell and there divides again. The amount of starch increases for a 
time but disappears before the spore is mature. 

In the sporangium of Selaginella pigment is found only in the external 
layers of the young organs. In the primordial tissue, Dangeard dis- 
tinguished 1-2 long plastids about the nucleus. In the young sporangium 
Emberger finds them more delicate than those in the stem at the same 
level and, except for their position about the nucleus, indistinguishable 
from other members of the chondriome (Fig. 116). The history from this 
point is identical with that for Lycopodium ^). In the spore mother cells, 
the plastids enlarge somewhat and become distinguishable from the other 
chondriosomes. In the pedicel the chloroplasts remain small, in the dehis- 
cence layer they grow at first and then are absorbed at the maturation 
of the layer. They are present in the nutritive layer but remain thin. One 
or two are transmitted to the spores and are visible in living cells but they 
do not become green until the moment of germination. The spores contain 
little or no starch but a large number of oil drops and small bodies which 
are probably protein bodies (Fig. 117). 

§ 4. Equisetinae. — The gametophyte. — The spores of 
Equiseium are round with a centrally-placed nucleus surrounded by oval 
chloroplasts and mitochondria in the form of rods and granules which are 
difficult to differentiate (Fig. 123). The large central vacuole of the 
young spore has been replaced by smaller ones, localized at the periphery of 
the spore. Joyet-Lavergne (1926-'34) ^) finds two categories based on 
the physico-chemical reactions of the spores. Spores A stain more heavily 
with neutral stains and their leuco-derivatives tlian spores B, bleach more 
markedly, reduce more strongly osmic acid and are richer in glutathion. By 
analogy with similar reactions in the nucellus and pollen of Phanerogams, 
this author would ascribe a female tendency to spores A and a male tendency 

h H. Fitting, Bau und Entwicklungsgeschichte der }^Iakrosporcn van Isoeies 
und Selaginella nnd ihre Bedeutungiiir die Kenntniss des Wachsthiims pfianzlicher 
Zellmembranen. Bot. Zeit. 58, 107-165. 1900. 

“) P. 223, note 3. 

=*) P.223. 

•*) F. Lyon, The spore coats of Selaginella. Bot. Gaz. 40, 285-295. 1905. iS: 
rupesiris, S. apus, S. Emmelliana). 

Joyet-Lavergne, La sexualisation cytoplasmique et les caracteres 
physico-chimiques de la sexuality. Protoplasma 3, 357-390. 1928. (Contains also 
bibliography of earlier papers) . — Le changement de sexe et la sexualisation cyto- 
plasmique. Ibid. 11, 320-348. 1930. ■— See also K. Goebel, Organographie Pt. II. 
1930. p, 1075 where 'an inner unlikeness of the spores’ is discussed. 
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to spores B, formulating laws concerning this inferred sexualization of 
the cytoplasm. This work has met with some criticism based on observed 
reversal in sex brought about by changes in physiological factors ^). 

The first division, wall separating the rhizoid cell from the prothallial 
cell, orientated in a direction perpendicular to the light rays falling on it 
engenders a polarity of the plastids (Nienburg 1924) 2) so that those plastids 
lying with their longitudinal axes directed toward the centrally placed 
nucleus (Fig. 124), migrate gradually toward the lighted side of the spores. 
When there are only a few straggling chloroplasts left, the nucleus takes 
up its position on the side away from the light (Figs. 125-127) and pro- 
ceeds to division ^) . 

The prothallial cells contain 45-60 plastids which more or less resemble 
each other. Reinhard (1933) ^) observing their division in vivo finds that 
there is a six hours lapse of time from the first indication of the dumb- 
bellshaped division-form to the completion of the process. Often chains 
of four or more plastids persist, similar to but always shorter than, those 
of Selaginella °) . 

Spermatogenesis. — We must go back to 1912 (Sharp) ®) for 
the fullest account of the formation of the male gamete of Eq^tiseimn. This 
history has been confirmed by Sethi (1928) ’) whose interest, however, is 
morphological rather than cytological. In the sporogenous cells of the 
embedded antheridium, there is a gradual regression of plastids (Fig. 132), 
although they may still be observed as late as the spermatid mother cell 
stage (Fig. 135). In the spermatid mother cell there appears near the 
nucleus, a minute granule of unknown origin. (Fig. 128). It stains intensely 
with haematoxylin and shows faint cytoplasmic radiations. It divides, 
the halves grow larger, migrate to opposite sides of the nucleus and remain 

1) E. ScHRATZ, Untersuchungen iiber die Geschlechterverteilung bei Equisetum. 
arvense. Biol. Zentralbl. 48, 617-639. 1928. — See also abstracts of Joyet-Laver- 
GNE papers by Needham and Needham in Protoplasma 3, 259. 1928. — Ibid. 4, 
174, 1928. 

“) W. Nienburg, Die Wirlmng des Lichts anf die Keimnng der Equisetum-s-poie. 
Ber. d. Dent. Bot. Ges. 42, 95-99. 1924. See also, Stahl, Ber. d. Dent. Bot. Ges. 3. 
1885. 

**) W. A. Becker and T. H. Siemaszo (1926) substantiate this, noting that the 
plastids never invade the region of the phragmoplast. Granules staining with Dahlia 
violet, showing no displacement during mitosis, do not invade that region either, 
but can be found on its outer surface. La Cellule 45, 29-42. (E. arvense, E. limo- 
sum ) . 

H. Deinhard, Uber die Teilung der Chloroplasten. Protoplasma 19, 541-564. 
1933. {Equiscinm arvense). 

“) P.224. 

L. W. Sharp, Spermatogenesis in Equisetum. Bot. Gaz. 54, 89-109. 1912. 

’) M. L. Sethi, Contributions to the life history of Equisetum debile. Ann. Bot. 
42, 729-737. 1928. 
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at the poles during division (Figs. 129-132). During the anaphases the 
granule becomes less chromatic and might be neglected unless greatly 
overstained, when it appears as a body of considerable size. In the sper- 
matid cell it is seen again, appearing as an uneven ring of granules (Fig. 
133) which fragments, becomes arranged in a row (Figs. 134, 135) and in 
the mature spermatozoid becomes the darkly staining thread so clearly 
seen at the anterior end (Figs. 136, 138). 

An antheridium may contain as many as 512 spermatozoids^) which are 
discharged singly or in pairs in a membrane from which they soon free 
themselves. The mature spermatozoid (Fig. 138) consists of a nucleus, a 
motor apparatus and a vesicle which at first is hardly visible but by ab- 
sorption of water rapidly increases to a considerable size. This vesicle 
contains 3-10 vacuoles staining with neutral red and 20-30 starch grains 
arranged in plastids in groups of two or three. The nucleus begins as a 
thread about 8p, behind the “stalk” and gradually comes to occupy the entire 
band. Over its membrane can be stained the refractive granules which 
have already been mentioned for other groups ^) but whose nature has 
not been determined (Fig.’ 137). 

Fig. 123-148 {Equisetinae) . — Fig. 123. Portion of mature spore oiEquisetum ar- 
vense containing large plastids and ordinary mitochondria. (After Pv.) --— Fig. 124. 
Radially arranged chloroplasts about a centrally-placed nucleus in a spore of Eqid- 
sehtm (After Nienburg.) — Fig. 125. Migration of chloroplasts toward lighted side 
of an Equisetum spore at the time of germination. (After Nienburg.) — Fig. 126. 
First division in an EquiseUim spore. (After Nienburg.) — Fig. 127. First wail in 
Equisetum spore cutting off a rhizoid cell with few plastids and a prothallial cell 
with many plastids. (After Nienburg.) — Fig. 128-136. Spermatogenesis in Equi- 
setum (After Sharp.) ; 128 Spermatid mother cell with a dark-staining body in the 
cytoplasm; 129. Division of the body in the cytoplasm of the spermatid mother cell; 
130. Separation of these bodies of fig. 129; 131. Metaphase of the divi.sion to form 
the spermatid; bodies of fig. 130 lying at the poles; 132. Spermatid cells in whose 
cytoplasm are seen ring-shaped bodies, the blepharoplasts, and degenerating 
pla.stids; 133, 134. Fragmentation of the blepharoplast in the spermatid cell; 
135. Blepharoplast granules arranged in a. series in the spermatid cell; plastids in 
the cytoplasm; 136. Spermatid cell in which the nucleus and the blepharoplast 
have become spirally coiled. — - Fig. 137. Portion of nuclear surface of the sperma- 
tozoid of Equisetum Telmafej a. (After Dracinschi.) — • Fig. 138. Mature spermato- 
zoid of J?S, border-brim („Randsaum'’) ; Rif, basal granule, attach- 

ment point of cilium; if R, beginning of nucleus; REST, posterior end of the „stalk'i 
of the motor apparatus; if, nucleus; R, fat globules; R, piastid; (After Dr.\cin- 
scHi.) — Fig. 139. Detail of the chondriome of a cell near the tip of the root in E, 
limosum; P, plastids, M, ordinary mitochondria. (After Emberger.) — -140. Detail 
of the chondriome from a cell of the cortical parenchyma of R. arv.ense; P, plastids 
M, ordinary mitochondria. (After Emberger.) — Fig. 141. a) Cells of the vegeta- 
tive tip of the aerial stem of E. arvense whose chrondriorae is more or less homo- 
geneous. (After Emberger.) — b) Cells from the liver of a chicken, figured for 
comparison of the chondriome with that shown in fig. 141<z. (After Emberger.) — 
— Fig. 142. Vegetative tip of the stem of E. in which it is impossible to 

distinguish plastids from mitochondria. (After Emberger.) ■ — lug. 143. Large lenti- 
cular plastids and small spherical pseudochondriosomes in a cell from the inner 
layer of a leaf of R. arvense. Plastids cluster in the polar region of the dividing cell. 

") Dracinschi, p. 199, note 2. 

2) P. 210. 
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Champy fix. (After Bowen.) — Fig. 144. Portion of a figure given by Emberger 
of a young sporangium of E. limosum, in which the plastids are not easily 
distinguishable. — Fig. 145 Portion of a figure given by Emberger of the sporo- 
genous cells of E. limosum, in which the chondriome is homogeneous. — Fig. 

146. Detail of homogeneous chondriome of fig. 145. (After Emberger,) — Fig. 

147. Fragment of the cytoplasm of the tapetal layer of E. avvense enclosing 
very large plastids and smaller mitochondrial granules and rods. (After I-^y.) — - 
Fig. 148*^ Spore mother cell of E. arvense with its homogeneous chondriome. (After 
Py.). 
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The sporophyte. — The apical cell of the root of Equhdum is 
vacuolate with a relatively small nucleus and a chondriome consisting 
of smaller granular mitochondria and somewhat elongated chondriconts 
which by reason of their occasional starch inclusions may be considered 
small plastids (Fig. 139). These two categories are very difficult to separate 
since they stain alike. As differentiation of the tissue begins, there is an 
elongation of most of the mitochondrial elements of the cortical paren- 
chyma, some of them becoming vesicular and retaining a dark stain, the 
rest of them remaining thin, losing their staining capacity (Fig. 140), and 
probably representing the ordinary mitochondria of the cell. The vesiculate 
elements enlarge in the outer regions of the cortex and become typical 
periform or dumb-bell shaped plastids with starch in each. Transition 
stages of these bodies may often be seen in a single cell. In these cells the 
long chondrioconts seem to have disappeared, possibly by segmentation 
but rod-shaped and granular ordinary mitochondria are again visible. In the 
central cylinder there is an absorption of starch and an elongation of the 
mitochondrial elements as in the ferns 2 ). In the root cap where the phenol 
compounds are less dominant, the chondriome is easily seen. It is com- 
posed of granular mitochondria and more or less elongated rods as in the 
cortical parenchyma. 

In the vegetative tip of the aerial stem of Equisetum the apical cell 
contains small, pale green, rounded or elongated chloroplasts, embedded 
in a dense, fairly refractive cytoplasm, in which the vacuolar limits are 
clearly defined (Figs. 141, a, 142). Those mitochondria having no role 
in photosynthesis are invisible in vivo, being of the same refractive index as 
the cytoplasm. Fixed by mitochondrial methods, they appear more delicate, 
generally stain less readily than the plastids and are notable for their lack 
of starch inclusions. The apical cell of the subterranean stem shows the 
same general arrangement. The young lateral buds enclose apical cells 
whose chondriome is made up of rods, granules and somewhat larger, slightly 
more heavily stained chondrioconts which can be traced in the maturing 
cells through all the stages to mature starch-forming plastids. The bud 
scales show the same phenomena. In the vascular cells, there is an 
absorption of starch and an elongation of the plastids to form the tangled 
mass characteristic of the mitochondrial elements already described for 
the other vascular cryptogams. In the maturation of a conducting cell 
from the procambial strand (Lenoir 1926^) the cytoplasm becomes 
granular in appearance. The cells elongate as this granulation progresses, 
the cytoplasm becomes plasmolized, the nuclear chromatin thickens and 

Emberger. 

“) P. 215. 

M. Lenoir, La necrobiose dans les ^l^ments du cambium chez Equisetum 
Rev. Gen. Bot. 38, 615-631. 1926. 
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the nuclear membrane ruptures as if division were to take place. Then all 
the contents of the cell disappear and leave the vessels empty. 

The leaves of the sporophyte, as might be expected contain the 
same cellular elements as the stem from which they have developed. 
Bowen mentioned and figured an arrangement of the plastids in the 
neighborhood of the poles during division (Fig. 143). In cells of the young 
sporangium there are to be found more or less elongated chondrioconts, rods 
and granules (Fig. 144). i\s one passes from the shield to the small sac 
which wiU be the sporangium these elements lose their staining capacity, 
become thinner and in the primary sporogenous cells (Figs. 145, 146) are 
reduced to a remarkable homogeneity in which it is impossible to recognize 
the chloroplasts which were present in earlier cell generations. In this 
genus the dehiscense layer of the sporangium does not, as in the ferns, 
contain plastids at the time of maturation. Phenol compounds are lacking 
except in the external ceil layers of the shield. In the young nurse cells ^) the 
chondriome is formed of chondrioconts, rod-shaped and granular mitochon- 
dria. The vacuoles are at first small and not numerous but soon increase in 
number. By a disappearance of the already existing cell walls and a failure 
to form new ones after nuclear division there is formed a multi-nucleate 
tissue in which the spore mother cells begin to round up. This tissue is 
characterized by small vacuoles and a chondriome formed of granules 
and narrow chondrioconts, some of which are shaped like tadpoles, indica- 
ting the beginning of starch formation. 

The spore mother cell (Fig. 148) in fixed material shows a fragmented 
chondriome which in aspect is very like that of a meristematic cell. The 
cytoplasm is dense, the vacuoles are small and the chondriome is composed 
of rods and granules among which Py sees certain ones whose staining 
capacity is greater. Emberger does not hesitate to call them plastids. This 
is borne out by the fact that in living spore mother cells extruded in all 
stages of division from pricked sporangia (Lenoir 1934) ^) green plastids 
can be clearly seen. During the metophase and anaphases of the division, 
Lewitsky®) described an irregular chondriome mantle which can be observed 
about the nucleus and Py later confirmed this ^) ^) . The orientation is lost 
during interkinesis and the chondriome returns to a state of freely dividing 


1) Py, p. 218, note 3 {E. avvense). 

2) M. Lenoir, Etude vitale de la sporogenese et des phenomenes d’apparence 
electro-magnetiques concomitants chez VEquisetum variegatmn. La Cellule 42, 
355-408. 1934. (Contains also bibliography for earlier papers). 

G. Lewitsky, Die Chondriosomen in der Gonognese bei Equisetum palnstre. 
Zeit. f. wiss. Biol. Planta Arch. f. wiss. Bot. 301-316. 1925. 

V. JuNGERS (1934) describes a similar mitochondrial grouping for E. Umosum 
but considers it as transitory and not as representing a morphological entity of the 
cell. La Cellule 43, 323-340. 
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clcnicnts. Xlicsc clcnicnts soon niigrs.t6 to the CQtmtor of the cell wliorc 
they remain until the formation of the walls which separate the daughter 
cells. The vacuoles are distributed in that part of the cell not occupied by 
this mantle. Lenoir^) also observes in living material a cap-like ar- 
rangement of the chloroplasts in the early prophases of the heterotypic 
division and again in the early differentation of the spore but it is lost by 
the time the spore matures. This phenomenon, with certain nuclear re- 
sponses, he would like to represent as evidence of electromagnetic polarity. 
During the reduction divisions the periplasmodium contains small 
vacuoles, Tong chondrioconts and small plastids which, although they 
preserve the shape of the chondriocont, are manufacturing starch. The 
spores also contain small plastids which continue to develop and manu- 
facture starch and appear green in living material. There are present in 
the ceil ordinary chrondriosomes in the form of granules, short chondrio- 
conts, a large centrally placed vacuole and a lateral nucleus. The 
periplasmodium is now literally packed with mitochondria and large 
starch forming plastids (Fig. 147) while the vacuoles are less numerous 
than before. Degeneration soon sets in and at the time of liberation of the 
spores, the sporangium is occupied by the spores and their elators. 

§ 5. Conclusions. — In considering the results of investigations of the 
Pteridophytes as a whole, without reference to the genera studied, the 
types of tissue under consideration or the methods employed, there are 
to be noted recurring cytological data which make it possible to follow 
certain tendencies in the group. The chondriosonies exhibit, in general, a 
more or less homogeneous appearance in the cytoplasm of meristematic 
cells, in the mature and fertilized egg (the granular chondriome of Em- 
berger), sometimes likewise, in the spermatid and occasionally in the 
spore mother cell. These bodies are almost universally elongated in stelar 
tissue and exhibit diverse forms in assimilating tissue where the plastids 
are the dominating elements. The vacuoles in meristematic cells tend to 
be round and then to become larger as the cells enclosing them differentiate 
until the condition of the large central vacuole is reached in the mature 
cell. This development is reversible, and may or may not, pass through a 
filamentous stage. There is a tendency to a polarization of the cytological 
elements in cells undergoing division, whether it be shown by the plastids 
or by the elaborated products enclosed in the cytoplasm. Our knowledge, 
however, is not complete and all these tendencies must be investigated 
further before the laws underlying the behavior of the elements in question 
can be fully understood and their role in the cell clearly interpreted. 


q See foot-note 2, p. 23 1 . 
q See foot-note 1, p. 231. 
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Chapter VIII 
KARYOLOGIE 
von 

W. Dopp (Marburg a. Lahn) 

§1. Geschichtlicher Uberblick, Literatur, Methodik. — Die Pterb 
dophyten bieten der Untersuchung ihrer Kernverhaltnisse vielfach erlieb- 
liche Schwierigkeiten, die z.T. in den hohen Chromosomenzahlen vieler 
Vertreter, z.T. in der Kleinheit der Kerne bei gewissen Gattungen [Ly- 
copodium, Selaginella) begriindet sind. Diese Schwierigkeiten sind ein 
Grand dafiir, dass bei den Pteridophyten eine Verkniipfung von Cytologie 
und Genetik noch nicht in geniigendem MaBe vorgenommen worden ist. 

Anderseits sind zahlreiche Vertreter infolge ihres recbt erheblichen 
Kerndurchmessers zur Bearbeitung sehr geeignet, undi Osmunda mid 
Psilotum sind infolge ihrer grossen Kerne zu klassischen Untersuchungs- 
objekten geworden. Trotz der oft nicht leichten Anfgabe ist daher eine 
grosse Anzalil von Arbeiten liber die grosskernigen Fornien erschienen, 
wahrend die kleinkernigen nur wenig Berlicksichtigung gefunden haben, 
Beim Studium derselben fallt jedoch auf, dass gerade in den letzten Jahren 
eingehendere Untersuchungen liber die Chromosomenstruktur, — Grosse 
und — Form nicht gemacht worden sind, im Gegensatz zu den Phanero- 
gamen, im Gegensatz auch zu den Moosen, bei denen das Heterochro- 
matin und die Geschlechtschromosomen sowie die Genetik den Anlass zu 
einer Reihe neuerer Arbeiten gaben. 

Unter den frliheren Arbeiten verdienen die Untersuchungen von Ya- 
MANOUCHi (1908 a, b) hervorgehoben zu werden. Yamanouchi studierte 
bei Dryopieris dentata eingehend die Kernverhaltnisse auf verschiedenen 
Stadien der Entwicklung und stellte dabei einerseits die Z a h l e n - 
k 0 n s t a n z der Chromosonen, andererseits die durch die B e f r u c h- 
tung bewirkte Verdoppelung der Chromosomenzahl sowie deren Re- 
d u k t i o n in den Sporangien einwandfrei fest. 

Wichtige Tatsachen waren allerdings schon weit frliher ermittelt worden. 
Der erste, der — unter An wendung der damals noch neuen Paraffin- 
methode — den mannlichen Kern in der Eizelle (von und damit 
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also den B e f r u c h t u n g s v o r g a n g beobachtete, war Campbell 
( 1888). — Eine Reduktion batten bereits Strasburger i) an Os- 
munda regalis und Rosen (1896) an Psilotum triquetrum festgestellt. 

Selir eingehend bescbaftigt sicli die Arbeit von de Litardiere (1921), 
die gegeniiber den bis damals erschienenen eineii wesentlichenFortschritt 
bedentet, mit den Kernverhaltnissen, besonders mit der g e wdlin- 
lichen K e r n t e i 1 u n g und der C h r o m o s o m e n s t r u k t u r 
bei zahlreichen Filicinae. 

Die R e i f e t e i 1 u n g e n , die zu verschiedenartigen Deutungen be- 
ziigiich Meta- und Parasyndese Anlass gegeben haben, warden untersuclit 
von Strasburger Rosen, Calkins, Farmer und Moore, Gregoire, 
Yamanouchi, Beer, Digby, Sarbadhikari, Szakien u.a. 

Die Spermat ogenese and der Bau der S per mat o- 
z o i d e n sind seit den Arbeiten von Belajeff, Buchtien, Guignard 
und Schottlander bis in die jlingste Zeit hinein Gegenstand von zahl- 
reichen Untersuchungen gewesen (Yamanouchi, Yuasa, Dracinschi); 
auch die Befruchtung beanspruchte lebhaftes Interesse (Campbell, 
Shaw, Thom, Yamanouchi, Rogers). 

Ferner haben die A b w e i c h u n g e n vom nor m a 1 e n K e r n p h a- 
senwechsel (Parthenogenesis, Apogamie, Aposporie) hinsichtlich 
der Chromosomenverhaltnisse wiederholt die Aufmerksamkeit auf sich 
gezogen (Farmer u. Digby, Allen, STEiL, Dopp u.a.). 

Die Aposporie gibt bei den Farnen die Moglichkeit, experimenteli zu 
p 0 1 y p 1 0 i d e n Formen zu gelangen An solchen haben Heilbronn, 
Lawton und Manton zytologische Untersuchungen angestellt. 

Erst in letzter Zeit wurde der Ansatz dazu gemacht, e x p e r i m e n - 
tell die Kernteilungen in den Sporangien zu beeinflussen (Friebel 1 933) 
und dadurch abweichende Prothallien oder Sporophyten zu erhalten. 

Am Schluss dieses Paragraphen ist die wichtigste L i t e r a t u r zu- 
sammengestellt. Die bis 1896 bekannt gewordenen Tatsachen hat ZiM- 
mermann (1896) zusammen gestellt. Zahlreiche Angaben sind ferner in den 
Werken von Bower und Campbell enthalten. Da die Kernverhaltnisse 
der Pteridophyten in alien wesentlichen Punkten mit denen der Phancro- 
gamen ubereinstimmen, konnen allgemeinere Lehr- und Handbiicher mit 
Erfolg benutzt werden, die ja iiberdies z.T, auch spezielle Angaben liber 
die Pteridophyten enthalten. In erster Linie erwahne ich die Pflanzen- 
karyologie von Tischler, ferner die Werke von Sharp-Jaretzky, BELAk, 
Geitler und Kuster und schliesslich die zusammenfassende Darstellung 
von Heitz ( 1 936) . — Auf die Aufsteilung einer Liste der Chromosomenzah- 
len habe ich verzichtet und verweise auf die Tabulae Biologicae und die 
Karyologie von Tischler (1. Auflage und die demnachst erscheinende II. 
Halfte der 2. Auflage). — Im librigen sei auf die vSpezialliteratur hingewiesen. 
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Bezliglich der Methodik der Untersuchung moclite ich kurz darauf 
aufmerksam maclien, dass ausser den altbewahrten Untersuchungs- 
methoden in den letzten Jahren die Karminessigsaurefarbung mid aucli 
die Nuklealfarbung nach Feulgen An wen dung gef unden haben. Die 
erstere haben vorgenommen Heitz, Friebel, Yuasa; ferner habe ich 
selbst mit gutem Erfolg teils in der urspriinglich von Heitz (1926) ange- 
gebenen, teils in der von Lorbeer i) modifizierten Weise Karminessig- 
saure verwendet. Die Nuklealfarbung ist von Friebel und West- 
brock benutzt worden. — Einige Angaben iiber Lebendbeobachtung 
sind auf S, 241, 255 und 280 zu finden. 
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§ 2. Der Ruhekern. Terminologie, Morphologie, Physiologie. — 

Wichtigste Literatur: Farmer und Digby (1907), Digby (1919), De 
Litardiere (1921), Rosen (1896), Sarbadhikari (1924, 1927), Schott- 
LANDER (1893), Yamanouchi (1908 a, b), Yeates (1925). 

Den Ausdruck ,, Ruhekern’' mochte ich nicht, wie es viclfach geschieht, 
auf d i e Kerne beschranken, die sich nicht mehr teilen, sondern auch auf 
das Stadium zwischen zwei Kernteilungen, auf die Interphase, ausdehnen. 

Der Kern besteht aus Kernwand, einem oder mehreren Nukleolen und 
dem lebenden Kerninhalt, dem Karyoplasma. Beziiglich der fur das 
Karyopiasma in Frage kommenden Terminologie schliesse ich nich an 
Belar (1928, S. 13-15), Geitler (1934) und Heitz (1936) an, die in 
diesem zweierlei Substanzen unterschieden : 1. Die Kerngrundsubstanz 
(Karj-’-olymphe, Kenisaft), 2. das Chromatin. Dabei ist die Bezeichnung 
„Cliromatin” ein Sammelbegriff fiir das, was sicli bei der Teilung in 
Chr omosomen verwandelt . 

Hinsichtlich der a u s s e r e n Gestalt des Kernes gilt fur die 
Pteridophyten nichts besonderes; es sei hier nur auf die abwcichenden 
Formen hingewiesen, wie sie sich einerseits bei Spermatozoiden (schrau- 
bige Form), andererseits bei Restitutionskernen (§ 8) finden. Solctie im Ex- 
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tremfall oft hantelformige Kerne sind z.B. in den Sporenmntterzellen ge- 
wisser apogamer Polypodiaceen {Fig, 98), sowie, z.T. innochauffallen- 
derer Form, in der Tapete von BotrycMum und OfMoglossum (Fig. 101) 
anzutreffen (Steil 1935). — Erwahnt seien an dieser Stelle noch die 
amobenartigen Kerne in den Sporenzellen (S.*244) der Makroprothallien 
Y on Mar silt a qtiadri folia und Pilularia globuU fern 

Ueber die Gr osse der Kerne gibt uns eine Tabelle in Tischlers 
Karyologie (1934, S. 36) Aufschluss. Besonders grosse Kerne enthalten 
beispielsweise die Sporenmntterzellen und die Eizellen, ferner auch die 
Scheitelzellen in Wnrzel, Stamm nnd Blatt bei den leptosporangiaten 
Farnen. Vergleichende Messungen sind allerdings bisher nur in geringem 
Umfang ausgefnhrt worden. Der Durchmesser schwankt von etwa 30p. 
(hochster gefundener Wert fur die Sporenmutterzellen von Psilohmi tri- 
qiteirum] Eizelle von MarsiUa Drummondii) bis herab zu etwa Sp (Blatt- 
zellen von Selaginella Martensii). Wahrend die Filicinae, ferner auch Psi- 
lotum, Isoetes und verhaltnismassig grosse Kerne besitzen, 

ist die Kerngrosse bei den Selaginellaceae, z.T. auch bei den Lycopodia- 
ceae betrachtlich geringer. Aus der Arbeit von Baranov (1925) ergibt 
sich ein Kerndurchmesser (durch Ausmessen der Figuren erhalten) von 
ca. 8p, entsprechend bei Selaginella (Denke 1902) ein Wert von eben- 
falls 8p (Prophase der ersten Reifeteilung). 

■ Tab. 1 \- 

Unterschiede in den Bimensionen bei dem norm alen Athyrium FUix-femina -und 
dessen aposporen Varietdten {nsLch Farmer. vl. 'Digby 1907). 



Athyrium Filix 
-femina 
Normalform 

A. F.-f. var. 
clarissima 
Bolton 

A. F.-f. var. 
clarissima 
Jones 

A. F.-f. var. 
unco-glomera- 
tum Stans- 
field 

■ 

Prothallium 





j unge Zellen 

100 

135 

180 

250 

aitere Zellen 

100 

140 

170 

300 

jnnge Kerne 

100 

140 

190 

250 

aitere Kerne 

100 

160 

220 i 

280 

Spermatozoiden 

100 

' ■" 135 ■ ■ 

160' . 1 

250 

Epidermiszellen 




■ 

des Blatles 

too 

110 

1 180 i 

: 200 

Chromosomenzalii 

38-40 

(haploid) 

[■■ ■ 

S 90 , ■■ 1 

i 100 


Was die Kernplasmarelation betrifft, so liegen Messun- 
gen vor fur die Zelldimensionen gewisser Polypodiaceae und deren experi- 
mentell erzeugte polyploide Abkommlinge (Heilbronn 1928, La'svton 


A. Schultz, Planta 25, 1936. 

“) Genaiiere Angaben werden leider liicht gemacht. 
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Tab. 2 


GrdssenverhdUnisse bei Dryopteris Filix-7nas var. pseudo-mas und Vavietdten (nach 
Farmer u. Digby 1907). 



Dryopteris Fi- 
lix-mas var. 
pseudo-mas 

desgl. var. 
polydaetvla 
Wills'' 

desgl. var. 
polvdactvla 
Dadds" 

desgl. var. 
cristata 
apospora 

Prothalliu mzellen 





am Scheitel . . 

100 

85 

70 

60 

Kerne dieser Zellen 

100 

60 

70 

75 

Spermatozoiden . 

100 

— 

85 

90 

Epidermiszellen 



100 

70 

des Blattes . . 

100 

90 

ChromosomenzaM 





Gametophyt . . 

72 . : 1 

66 ! 

90 ! 

60 

Sporophyt . . . 

144 1 

132 1 

132 

66 


1932); ferner sind die Grossenverhaltnisse verschiedener Varietaten 
einer Art im Hinblick auf ihre Chromosomenzahl vergleicliend untersucht 
worden (Farmer und Digby 1907; Tab. Fund 2). Beziiglich des ersten 
Punktes verweise ich auf den § 9 und die dort befindlichen Tabelien und 
bemerke dazu, dass eine genau durchgefuhrte Analyse, wie sie in den 
Untersuchungen von F. von Wettstein bei den Laubmoosen zur Auf- 
findung bestimmter Gesetzmassigkeiten gefiihrt hat, bei den Farnen 
noch nicht vorliegt. Volumenmessungen sind kaum ausgefiihrt, sondern 
fast nur Langen-und Flachenbestimmungen. Immerhin ergaben sich bei 
den polyploiden For men grosser e Dimensionen als bei der xAusgangsform. 
Die vergleichenden Messungen von Farmer und Digby (1907) an Zellen 
und Kernen fur verschiedene Varietaten der gleichen Art ergaben teils bei 
hoherer Chromosomenzahl grossere Dimensionen (Tab, 1 , 2) , teils aber 
auch kleinere Wert e gegenliber der Normalform, trotz hoherer Chromo- 
somenzahl bei der Varietat. Es erscheinen mir dabei allerdings auch ge- 
wisse Ungenauigkeiten in den Zahlungen und Messungen nicht ausge- 
schlossen. 

Wie weit entsprechende Beziehungen fiir verschiedene x\rten oder 
Gattungen gelten, konnen wir nicht mit Sicherheit sagen, da Grossen- 
bestimmungen kaum gemacht worden sind. StrasburgerT) hat Mes- 
sungen an embryonalen Zellen und deren Kernen bei einigen Farnen so wie 
bei zahlreichen anderen Pflanzen vorgenommen und gefunden, dass das 
Verb alt nis von Kern- und Zelldurehmesser stets angenahert 2 : 3 ist. 
Von Doff (1932) ausgefuhrte Messungen ergaben folgendes (Werte in p 
angegeben): 


Histol. Beitr., Heft 5, 1893. 
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Tab. 3 



Dryopteris 

remota 

Dryopteris 

Filix-mas 

Dryopteris 

spinulosa 

Sporen 




Lange 

68 

52 

56 

Breite . . 

43 

36 

36 

Sporenmutterzellen, Durchmes- 




ser ... 

29,7 

24,8 

25,8 

Sporenmutter zellen, Kern- 




durchmesser ....... 

21,3 

— 

18,1 

Chromosomenzahl 




Gametophvt . 

etwa 130 

etwa 80 

82 

Sporenmutterzellen .... 

etwa 260 

etwa 1 60 

etwa 160 


Weitere Messungen an Kernen hat Friebel (1933) ausgefiihrt. 

Ueber Beziehungen zwischen Chromosomenzahl und Zahl nnd Grosse 
der Chloroplasten vgl. Heilbronn (1928). 

Die K e r n s t r u k t u r ist im Leben gut zu beobachten an Prothal- 
lien von Polypodiaceae, sowie an jungen Indusien von Polypodiaceae, An 
gefarbten Praparaten ist im Ruhekern die schwache Farbung des Chroma- 
tins oft sehr auffallig, z.B. an Eikernen und in Sporenmutterzellen. 

Das Verhalten des Chromatins gegenuber sauren und basischen 
Farbstoffen untersuchten Schottlander (1893), Rosen (1896) und 
Vidal (1912). Die Ergebnisse waren die gleiclien wie die bei Phanero- 
gamen gewonnenen. Schottlander fand, dass der Eikern „erythrophir', 
der mannliche Kern dagegen ,,cyanophir’ ist, Rosen (1896) sail Biau- 
farbung des Chromatins in Meristemkernen. Entsprechend ergab sich in 
den Untersuchungen Vidals^) (1912) an Meristemikernen von Eqidsetum 
Cyanophilie, wahrend die nicht mehr teilungsfahigen Kerne der Inter- 
nodien sich als erythropbil erwiesen. 

Die Kerne zeigen bei zahlreichen Filicinae nach Yamanouchi (1908 a,b) 
und de Litardiere (1921) ein stark aufgelockertes Chromatin, das 
eine fadige Struktur erkennen lasst (Fig. 20) ; in den Faden sind kleine 
Chromatinkorperchen (,,C h r o m o m e r e n ” ?) zu erkennen (vgi. auch 
Szakien (1927) und § 3 u. 6). Ob H e t e r o c h r o m a t i n (Heitz 
1929, 1933, 1936) in Form von kleineren oder grosseren Stiicken 
(Chromocentren) vorhanden ist, lasst sich noch nicht mit Sicherheit 
sagen, da hierxiber genauere Angaben fehlen. Jedenfalls bildet Digby 
(1919) flir Osmunda und Sarbadhikari (1924, 1927) im Doodi a stark 
gefarbte Chromatinkornchen in den Ruhekernen ab, deren Natur naher 
zu priifen ware. Ferner wissen wir aus den Untersuchungen von de 
Litardiere, dass die (sehr kleinen!) Chromosomen von Salvinia nnd 
Azolla in dem neugebildeten Tochterkern keine strukturellen Verande- 

0 Ann. Sc. nat. Ser. IX, Bot., 15, 1912. 

“) Berichte D. Bot. Ges. 47, 1929; Planta 18, 1933. 

Manual of Pteridology 


242 


W. DOPP, KARYOLOGIE 


riiiig-en erfaliren tiiid daher, abgesehen von der etwas geringeren Farbbar- 
keit, in der Interphase genau so aussehen wie in der Telophase (Fig.27~™33). 
Nun ist ja das Heterochromatin dadurch charakterisiert, dass es in der 
Telophase keine Riickbildung erfahrt wie das tibrige (Eu») Chromatin und 
stark farbbar bleibt. Es ware daher zu untersuchen, inwieweit am 
Aufbaii dieser kleinen Chromosomen Heterochromatin beteiligt ist. Bei 
Dryopteris Filix-mas, D. spinulosa und Woodwardia radicans beschreibt 
DE Litardiere stark farbbare Gebilde, die er als Karyosomen bezeichnet 
(Fig. 3); sie sollen bei der Teilung ins Cytoplasma gelangen (?). Auch hier 
ware festzustellen, ob es sich nicht etwa urn Chromozentren handelt. 

In dem Falle van Salvinia und Azolla ist das Erhaltenbleiben der 
Individualitat der Chromosomen wahrend der Ruhe besonders 
markant; aber auch an anderen Objekten konnte be Litardiere ebenso 
wie SzAKiEN an Osmunda die Chromosomen als solche in der Interphase 
identifizieren. — Neuerdings haben Yuasa (1932) und Dracinschi (1932) 
gezeigt, dass auch in den Kernen von Spermatozoiden, die frliher als 
homogen beschrieben wurden, eine Struktur nachweisbar ist (bisher noch 
nicht bei Selaginella). Dracinschi konnte sogar an lebenden Spermato- 
zoiden von Isoetes Chromatingranula beobachten (Fig. 90). 

Der Ruhekern enthalt einen bis mehrere N u k 1 e o i e n . Die Zahl 
derseiben wechselt in ein und demselben Gewebe, da mehrere miteinander 
verschmelzenkonnen. Von62 Kernen von Tmesipteris (Yeates 1925) hatten 
10 je 6, 45 je 5, 6 je 4 und einer 3 Nukleolen. Auch die Maximalzahl ist bei 
den einzelnen Arten verschieden (§5). Die Form ist kugelig oder mehr 
langlich bis langgestreckt und dann verschiedenartig gewunden (Fig. 1 a, 
b), in anderen Fallen sanduhrformig (Beer 1913) oder schliesslich ganz 
unregelmassig. Infolge der Verschmelzungen entstehen Nukleolen von 
grosserem Durchmesser. Yeates (1925) hat festgestellt, dass das Gesamt- 
volumen der Nukleolen in ganz verschiedenartigen Geweben von Game- 
tophyt und Sporophyt bei Tmesipteris tannensis urn so grossere Werte 
annimmt, je grosser der Kerndurchmesser ist, Ob noch andere Faktoren 
die Grosse des Nukleolus bestimmen, ist noch nicht unters'ucht ^). De 
Litardiere land in den Wurzeln von Azolla oaroliniana zweierlei Kerne: 
Im Periblem und Plerom war der Nukleolus gross und das Chromatin nur we- 
nig gefarbt (Fig. 31); umgekehrt zeigten die Kerne im Kalyptrogen und Der- 
matogenkleine Nukleolen, aber sta.rker gefarbtes Chromatin (Fig. 30). Er 
schliesst daraus, dass farbbare Substanz aus den Chromosomen herauswan- 
dert und fiir den Aufbau von Nukleolen verwendet wird. Etwas tatsachli- 
ches wissen wir aber hieruber nicht. Die ftir den Nukleolus angegebenen 
Strukturen (Fig. 1 c) diirften wohl haufig auf Fixierungsfehlern beruhen. 
In den Kernen einer ganzen Anzahl von haben Zimmermann^) und 

0 Vgl. Planta 18, 1933 (Heitz). 

Beitr. z. Morpliologie und Physiologie der Pflanzenzelle. Tubingen, 1, Heft 1, 
1893. 
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andere Aiitoren (Zusam- 
menstellung bei Tischler 
1934, S. 163) E i w e i s s- 
kristailoide festge- 
stelit (Fig. 2). 

Es sei liier kurz hin- 
gewiesen auf die Falle, 
wo normaierweise stets 
in e li r e r e K e r n e im 
g e m e i n s a m e n P 1 a s- 
m a ohne Zwischenwande 
vorhanden sind: 1. Flir 
den Halskanal zahlreicher 
Filicinae sowie auch von 
Isoetes (nicht dagegen 
von Lycopodium) werden 2 
Oder 4 Kerne ohne Zwi- 
schenwande angegeben 
(Fig. 5). (Nach Yama- 
NOUCHI (1908) wird zwar 
bei Dryopieris dentata eine 
Zellplatte gebildet, die 
j edoch wieder verschwin- 
pet.) In dieser Hinsicht ist 
also das Archegon der 
Filicinae weiter abgeleitet 
als das der Moose. 2. Znm 
Beginn der Makroprothal- 
lienentwicklung bei Sela- 
ginella, z.B. bei S. Kraus- 
siana (Campbell 1902) ^) 
und Isoetes (Campbell 
1 890) ^) findet Vielkern- 
bildung statt. Erst spater 
werden zwischen die Kerne 
Wande eingeschaltet. Das 
Makroprothallium bei Se- 
laginella zeigt also hin- 
sichtlich des Vorhanden- 
seins von freien Kerntei- 
lungen Verhaltnisse, wie 
sie im Prinzip im Makro- 



Fig. 1. Nukleolen. a. Kern einer ausgewachsenen 
Protlialliumzelle von Pityrogramma chrysophylla. 
Vergr. 800 X . Nach Schottlander 189^ 5. Kern 
einer jungen Prothalliumzelle von 
femina clarissima Vergr. 800 X . Nach 

Farmer und Digby 1907. c. Nukleolen aus Arche- 
sporzellen von Tmesipteris tannensis. Vergr. 900 X . 
Nach Yeates 1925. — Fig. 2. Kerne mit Eiweiss- 
kristallen aus dem MesophylL a, h. von Polypodium 
punctatum, c. -von P . caespitosum , d. von W oodwardia 
radicans, Nach Zimmermann 1893. — Fig. 3. Kern 
einer alteren Dermatogenzelle aus der Wurzel von 
W oodwardia vadic am mit „Karyosomen”. Nach x>e 
LiTARDikRE 1921. — Fig. 4. Periplasmodium mit 
darin eingebetteten Sporenmutterzellen von Pilula- 
■via glohiilifera, Vergr. 150 x . Nach Jorgensen 1928. 
— PYg. 5. Archegon von Dryopteris dentata. im Hals- 
kanal 2 Kerne ohne Zwischenwand. Nach Yama- 
NoucHi 1908&. — Fig. 6. a. Zelle aus der innersten 
Rindenschichtder Aoh-^^^/onSelaginella Kraussiana; 
Kern der „Chlorophyllkette" anliegend. 6, c. Assi- 
milationszellen von S. Martensii bezw. S. caesia; 
Kerne den Chloroplasten dicht angelagert. a~c. nach 
Haberlandt 1924. — 1-3, 5, 6 umgezeichnet ; 

4 photogr.Wiedergabe. 


Lyon, Bot. Gaz., 37, 1904. 

2) Ann. of Bot., 16, 1902, ®) 


Ann. of Bot., 5, 1890/91. j 
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prothallium der Phanerogamen wiederkehren. — Wiilirend nach Arnoldi 
(1910), Yasui( 1911)1) Goebel (1930) im Makroprothallium von 

Salvinia natans in der Sporenzelle (d.h. der unteren, grosseren der beiden 
diirch die erste Teilung der Makrospore gebildeten Zellen) freie Kern- 
teiiungen stattfinden, ist dies nach den neueren Untersuchungen von K. H. 
Gobel (1935) 3) nicht der Fall. 3. Im Rhizom von Psilotum iriquetnim 
beobachtete Shibata (1902) ^) einige Male zwei Kerne in solchen Zellen 
(„Verdaunngszellen''), die klumpenformige Reste des symbiontischen 
Pilzes enthalten. 4. Durch Auflosung der Wande von Tapetenzellen entsteht 
eine einheitliche Plasmamasse mit zahlreichen Kernen {Filicinae, Equi~ 
seUim) ^), die die Sporenmutterzellen umgibt (Fig. 4). 5. In der Tapete von 
Botrychnm virginianum nnd Ophioglossttm vulgatum entstehen 2- und 4- 
kernige Zellen als Folge einer nicht geniigenden Entwickiung der Spindel 
Oder einer Auflosung derselben oder der schon gebildeten Zellplatte 
(Steil 1935). — Vgl. ferner S. 267, 274 und 275. 

Ueberdie Physiologic des Zellkerns liegen nur wenige Angaben vor, 
von denen ich einige anfiihre. Nach Haberlandt ®) liegt bei Selaginella 
der Kern in den Meristemzellen der Achse stets dicht an den Chroma- 
tophoren an (Fig. 6). Die Wandung der Schleimkanale der Marattiaceae 
besteht nach West (1915) ’) aus typischen Drusenzellen mit den fiir diese 
charakteristischen, stark farbbaren Kernen. Den Charakter von Druseii- 
zellkernen besitzen ferner die Kerne in der Tapete und auch noch in clem 
in vielen Fallen daraus entstehenden Periplasmodium (Cardiff 1905, Beer 
1906, Hannig 1911, Kundt 1911, Sen JANINOVA 1927, Tippmann 1928, 
J0RGENSEN 1928 u.a.) ®). Ob und inwieweit dabei eine Beteiligung des 
Kerns bei der Ernahrung der Sporenmutterzellen und Sporen oder bei der 
Perisporbildung stattfindet, . wissen wir nicht. Ich kann nur sagen, dass 
mehrfach zahlreiche Tapetenkerne in unmittelbarer Nahe des in Bildung 
begriffenen Perispors festgestellt worden sind. Die Untersuchungen von 
Fitting ^) (1900) liber die Bildung der Sporenhaut bei Selaginella haben 
ergeben, dass Sporenhaute, die nicht nur weit vom Kern, sondern liber- 
haupt vom Plasma der Spore entfernt sind, zu wachsen vermogen. Im 
tibrigen verweise ich noch beziiglich der Frage des Membranwachstums 


0 Flora 100, 1910; Ann. of Bot. 25, 1911. 

Organographie der Pflanzen. 

Dissertation Marburg 1935. 

Zitiert auf Seite 245. 

5) Eine Ausnahme bildet nach Tippmann (Planta 6, \92^) Angiopieris. 

«) Physiolog. Pflaiizenanatomie, 6. Aufl. 1924, S. 252. 

0 Ann. of Bot. 29, 1915. 

J. D. Cardiff, Bot. Gaz. 39, 1905. — A. Kundt, Beihefte Bot. Centralblatt, 
27, 1. Abt., 1911. — M. Senjaninova, Zeitschrift f. Zellforschung und niikroskopi- 
sche Anatomic, 6, 1927. — T. Tippmann, Planta, 6, 1928. 

3) Bot. Zeitung, 58, 1900. . 
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auf das bei Tischler (1935, 1) auf S. 308 und 312-316 Gesagte. — Shibata 
(1902) 4) macht einige interessante Angaben iiber das Verhalten des Kerns 
in den ,,Verdauungszellen'’ von Psilotiim. Der Kern ist stark vergrossert 
und ambboid geformt, die Chromatinsubstanz ist zu grossen Klumpen 
zusammengeballt. Auch der Nukleolus ist bedeutend grosser geworden. 
In Zellen mit verdauten Pilzmassen ist der Kern wieder abgerundet und 
liat normales Aussehen angenommen. In anderen Fallen von Mykorrhiza 
[LycopoMam clavatum und annotinum ^), Botrychitm) konnte keine Ver- 
anderung in der Gestalt und im Verhalten des Zellkerns festgestellt wer- 
den (Bruchmann 1910, Campbell 1921)3). — Einige Angaben liber 
Degeneration des Kernes in den Gefassanlagen von EquiseUim 
machen Vidal (1912) und Lenoir (1926) ^). 

§ 3. Die typische Kernteilung. — Wichtigste Literatur: Rosen 
(1896), Beer (1913), Berghs (1907), de Litardiere (1921), DiGBy (1919), 
Sarbadhikari (1924, 1927), Yamanouchi (1908 a, b), Ye axes (1925). — 
Die bis jetzt vorliegenden Untersuchungen beschaftigen sich liauptsach- 
licb mit den Filicinae] liber die Kernteilung bei den Lycopodiinae und den 
Equiseiinae sind wir weniger gut unterrichtet. 

Ueber den Einfluss ausserer Faktoren (Schwerkraft, Licht) auf die 
Richtung der Teilungsspindel vgl. Zimmermann (1896, S. 84-86). — Ob 
eine Period izitat der Kernteilung voriiegt, ist nicht genau be- 
kannt. Beobachtungen hierliber liegen vor von Gerhardt ^) (1927) an 
Osmimda regalis. Er findet zu den verschiedenen Tageszeiten nur geringe 
Schwankungen. Da er aber nur die Gesamtzahl der in Teilung begriffenen 
Kerne anfiihrt, ohne bei seinen Angaben die einzelnen Kernteilungsphasen 
hinsichtlich ihrer Haufigkeit zu beriicksichtigen, so erscheint doch eine 
Periodizitat keineswegs ausgeschlossen. — Ueber die Dauereiner ge- 
wohnlichen Kernteilung (Reifeteilungen vgl. § 4) ist meines Wissens nichts 
naheres bekannt. Ich habe (Dopp 1932) lediglidi in einem Fall, ProthaL 
Hum von Aspidium [Dryopteris) remoUm, festgestellt, dass die Gliromo- 
somen etwa 5 Minuten brauchen, um von der Aequatorialplatte zu den 
Polenzu gelangen. 

Die Fig. 18-25 geben einen Ueber blick iiber den Verlauf einer Mitose. 

Im einzelnen sind bisher die Angaben sowohl fiir verschiedene Spezies 
wie auch diejenigen verschiedener Autoren fiir die gleiche Spezies bezlig- 
lich der Art der Umbildung der Ghromosomen in der Telophase und ihrer 
Entwicklung in der Prophase sehr verschieden. 

Pringsheims Jahrb. f. wiss. Bot., 37, 1902. 

Bei Lycopodium Selago beobachtete BRUCHMANN Vergrosserung und Form- 
veranderung des Kerns. 

PI. Bruchmann, Flora 101, 1910, 220-267. — D. H. eAMPBELL, Ann. of Bot. 
35, 1921, 141-158. 

q Ann. Sc. nat. Ser. IX. Bot., 15, 1812; Rev. gen. Bot. 38, 1926, 615-631. 

E. GERHARDT.Dissertation Marburg 1927. 
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Fig. 7-17. Hymenophyllum tunhvidgense. Gliromosomen im Verlauf der Iverntei- 
hing. 7-9 Telophase; 10 Interphase; 1 1-15 Prophase; 16 Metaphase; 17 Anaphase. 
— Fig. 18-25 Pteris cre/ica, Kernteilungsstadien. 18, 19 Telophase; 20 Interphase; 
21-23 Prophase; 24 Metaphase; 25 Anaphase, • — Fig. 26 Blechmmi occidentale, 
Telophase. — Fig. 27-33. AzollacaroUniana, Kernteilungsstadien. 27-29 Telophase; 
30 Interphase aus dem Dermatogen, 31 aus dem Plerom der Wnrzel; 32 Prophase; 

33 Metaphase. — Fig. 34. Metaphase aus dem Prothalliiim von Dryopieris dentata, 
Nuldeolus am Rand der Spindel. ^ Fig. 35. Anaphase aus dem Archespor von 
Dryopteris dentata. —FiG, 36. 0smundaregaUs, TelophB,SQm Polansicht. Von Digby 
als Langsspaltung der Chromosomen gedeutet. — 7-33 nach de Litardiere (1921) ; 

34 nach Yamanouchi (19086); 35 nach Yamanouchi (1908a); 36 nach Digby 
(1919). — 7-17 und 32 umgezeichnet, die iibrigen Fig. photogr. Wiedergaben. 
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Hinsichtiich der sicli in der Telophase abspielenden Veranderungen der 
Chromosoneii unterscheidet de Litardiere (1921) vier Typen, die ancli 
durch verschiedenes Verhalten in der Prophase charakterisiert sind. 
(Benutzt wurden zur Untersuchung in der Hauptsache Wurzelspitzen, im 
iibrigen Rhizome und junge Blatter.) 

1 . Der erste Typ findet sich bei Arten mit grossen, dicken Chromosomen 
(Eymenophyllum tunbridgense, H, demissum, H, asplenioides, H. fmoides, 
Trichomanes reni for me, T. Colensoi, Leptopter is superha, Osmunda cin- 
namomea, 0, f(2g<a:Z^’5). Das Verhalten der Chromosomen in der Telophase 
ist ahnlich dem bei zahlreichen Angiospermen : An den Polen angelangt, 
rlicken die Chromosomen voriibergehend sehr eng aneinander („tassement 
polaire'’), Sie bekommen ,,AiveoleiT’, d.h. Hohlraume, deren Natur nicht 
bekannt ist (Fig. 7-1 1). Diese werden grosser, und mit zunehmender Kern- 
grosse verlangern sich die Chromosomen und entfernen sich voneinander, 
wobei zwischen ihnen feine Anastomosen entstehen. Der Ruhekern ist 
charakterisiert durch eine gleichmassige Verteilung der Chromosomen- 
substanz; trotzdem sind die Chromosomen aber immer noch als solche zu 
erkennen. Zu Beginn der Prophase zeigen sich die Chromosonen zunachst 
als alveolosierte Gebilde, die denen der Telophase ganz ahnlich sind. Durch 
Verschwinden einzelner Randstiicke infolge anderer Verteilung der Chro- 
mosomensubstanz entstehen Zickzackfaden von einfacher St’^uktur (Fig. 
11, 12); gleichzeitig gehen auch die Anastomosen verloren. Dann (nicht 
fruherl) wird in diesen Faden ein Langsspalt sichtbar (Fig. 14), und durch 
Verkiirzung, Dickerwerden und gleichmassigere Ausgestaltimg am Rand 
wird die fiir die Metaphase typische Chromosomenform herausgebildet 
(Fig. 1 2-16). — Die Langsspaltung kann nach de Litardiere, wie er an 
seinen Abbildungen belegt, nur in der Prophase vor sich gehen; seiner 
Auffassung nach hat sie nichts mit der Alveolosierung in der Telophase 
zu tun. 

2. Der zweite Typus (Beispiel: Ptens cretica) ist dadurch charakterisiert, 
dass die Chromosomen, die liier viel diinner sind, keine Alveolosierung 
zeigen (Fig. 18-25). Sie werden zu langen, feinen, durch Anastomosen (die 
auch hier in der Prophase wieder verschwinden) verbundenen Faden aus- 
gezogen. Dementsprechend entstehen in der Prophase keine Zickzack- 
bander, sondern das Chromatin liefert diinne, gekriimmte Faden, die sich 
spaiten, verkiirzen und verdicken. Diesen Typus fand de Litardiere bei 
zahlreichen Vertretern der Polypodiaceen {Dryopteris-, A splenum--, Adi an- 
him-, Poly podium- u.a.), ferner in den Familien diOX Cyatheaceae, 
Parkeriaceae, Schizaeaceae, Gleicheniaceae, Marsiliaceae, OpMoglossaceae,— 
Der Langsspalt, der in der fruhen Prophase auftritt, ist bei vielen Formen 
in der spateren Prophase bis zum Ende derselben infolge sehr engen Kon- 
takts nicht mehr sichtbar (Fig. 22, 23). 

3. Bei Blechnum occidentale, Angiopteris evecta und A. d'Urvilleana, 
Marattia fraxinea und Trichomanes radicans lassen einige Chromosomen 
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in der Telophase Alveolen erkennen (gelegentlich kann dies auch beim 
Typus 2 vorkommen), im gleichen Kern befindliche andere dagegen bleiben 
frei davon und verhalten sich nach dem 2. Typus (Fig. 26). Die alveoli- 
sierten Chromosomen zeigen in der Prophase ganz das entsprechende 
Ausselien wie bei I, liefern also Zickzackfilamente, wahrend die einfaclien 
Chromosomen in der Prophase sich off ensichtlich wie die von Pieris 
cretica {2. Typas) verhalten. 

4. Der vierte Typ (Fig. 27-33), dem A zolla und Salvinia angehoren; 
zeichnet sich durch eine nur geringfugige Yeranderung der sehr kleinen 
Chromosomen in der Telophase aus (vgl. § 2). Sie treten zwar auch hier 
durch iVnastomosen miteinander in Verbindung, erfahren aber keinc 
Alveolisierung. In der Telophase erscheinen sie als kurze Stabchen, wah- 
rend der Interphase als kugelige oder ellipsoidische Gebilde. In der Propha- 
se erfolgt Verlangerung und Langsspaltung. 

Allen Fallen gemeinsam ist eine Verlangerung der Chromosomen wah- 
rend der Stadien zwischen Telophase und Interphase; eine solche geht 
auch w^ahrend der Prophase vor sich. Auf die Verlangerung in der Prophase 
folgt bei den meisten Arten wieder eine Verkurzung, die allerdings zu- 
weilen nur gering sein kann. 

Equisetum scheint, soweit bekannt (Beer 1913), mit Pteris cretica 
ubereinzustimmen, i^ahiend die Lycofodiaceae und Selaginellaceae mit 
ihren kleinen Chromosomen sich vielleicht -svie A zolla unA Salvinia ver- 
halten konnten. Auch die Psilotaceae und Isoetaceae waren noch naher zu 
untersuchen. 

Es liegen offenbar gewisse Beziehungen zur systematischen Zugehorig- 
keit vor, denn einige Familien {Salviniaceae, Hymenophyllaceae, nicht so 
sehr dd^gegen die Poly podiaceae) zeigen einheitliche, fur sie char akteris- 
tische Verhaltnisse. Ailzu grosse systematische Bedeutung kann man aber 
dieseni verschiedenen Verhalten nicht beimessen, derm nahe verwandte 
Arten brauchen njcht das gleiche Verhalten zu zeigen, und sogar bei der- 
selben Pflanze kann sich in verschiedenen Teilen ein verschiedenes Bild 
eigehen {vgl. anch Blechnum occidentale, Typus 3). 

Die verschiedenen von de Litardiere gefundenen Mdglichkeiten 
treffen iibrigens nicht nur fur die Pteridophyten zu, sondern auch bei 
den Phanerogamen sind ganz ahnliche Verhaltnisse beschrieben worden. 
Es fragt sich nun freilich, ob sich nicht durch weitere Untersuchxingen ein 
einheitlicheres Bild ergeben wurde. 

Aehnliche Strukturen wie de Litardiere bilden YamanouchP) (1910) 
hei Osmunda cinnamomea sowie Spiarp (1914, Fig. 19, 26, 33 daselbst) in 


p Fiir die Archesporzellen von gibt Yamanouchi (1908fl) Va« 

kuolisierung an. Aus seinen Abbildungen geht eine solche jedoch nicht einwandfrei 
hervor. Was er als Alveolen auffasst, scheinen mir eher Zwischenraume zwischen. 
den die Chromosomen verbindenden Anastomosen z,u sein. 
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den spermatogenen Zellen von Marsilia quadrifoha und Szakien (1927), 
ein Schiller Gregoires, bei Osmtmda regalis (Fig. 37) ab. 

Yamanouchi und de Litardiere beobachteten die Ldngsspaltung der 
Chromosomen erst in der Prophase ; nachihnen kommt also der Vakuolisie- 
rung in der Telophase nicht dieBedeutung zu, dass durch sie eine Spaltung 
des Chromosoms in zwei Halften erreicht wird. Fiir Objekte wie Pteris cretica, 
Eqtdsetuni (Beer) u.a., die in der Telophase keine Vakuolisierung zeigen, 
konnte erst recht nicht die Behauptung aufgestellt warden, dass die 
Langsspaltung schon in der Telophase erfolge 2). Dagegen Hessen diejenigen 
Formen, die Alveoli si erung zeigen {Osmunda, Doodia) bei anderen Autoren 
die Meinung aufkommen, dass die Langsspaltung bereits in der Telophase 
Oder gar schon in der Anaphase durchgefiihrt werde (Miss Digby 1919, 
Sarbadhikari 1924, 1927). Besonders Osmunda ist (auch beziiglich der 
Reifeteilungen) hauf ig der Gegenstand von Untersuchungen gewesen, 
die zu verschiedenen Deutungen gefiihrt haben. 

Digby (1919) sieht entsprechend wie in ihren Arbeiten iiber Primula 
und Galtonia in den sich in der Telophase abspielenden Vorgangen bei 
Osmunda regalis (Fig. 36) eine Teilung in zwei Tochterchromosomen, die 
sich weit von einander entfernen sollen, sodass im Ruhekern nur einfache 
FMen wahrgenommen werden konnen. In der Prophase soli wieder eine 
Annaherung der beiden Faden erfolgen. Im wesentiichen zu den gleichen 
Resultaten gelangte Sarbadhikari bei Doodia (1924, 1927). Die Fig. 12 
bei Sarbadhikari zeigt eine Spaltung sogar schon in der Anaphase. 

Demgegenuber stehen also die Auffassungen von de Litardiere (1921) 
und Szakien (1927), die wahrend der Telo- und der Interphase nichts 
erkennen konnten, was nach einem Auseinanderweichen von Faden aus- 
gesehen hatte. Auf Grund eigener Beobachtungen bin ich zu dem gleichen 
Ergebnis gekommen. 

Dass verschiedene Autoren, z.B. Yamanouchi (1908) undDiGBY (1913), 
der Auffassung von einem kontinuie r 1 i c h e n S p i r e m in der 
Prophase zuneigen, diirfte in der Schwierigkeit des Erkennens freier 
Enden begriindet sein. Das gleiche gilt fiir die Prophase der 1. Reife- 
teilung ^). 

1) Diese Angabe steht nicht im Gegensatz zu den Befunden von de LitardiAre, 
die an vegetativen Teilungen gewonnen wurden. 

Der Zeitpnnkt, den die Autoren angehen, ist allerdings sehr verschieden. 
Wahrend de Litardiere schon anf friilieren Prophasestadien einen Langsspalt 
beobachten konnte, der allerding:s spater in manchen Fallen (z.B. Pteris cretica) 
voriibergehend wieder verschwinden kann, verlegen andere, z.B. Yamanouchi 
(1908a), den Zeitpunkt der Spaltung erst in die letzten Stadien der Prophase oder 
gar (Beer 1913) in die Metaphase. Der Spalt diirfte aber auch in diesen Fallen 
schon auf einem friiheren Stadium aufgetreten, jedpch ubersehen worden sein. 

2) De LiTARDit:RE (1921) und Beer (1913) geben an, dass ein kontinuierliches 
Spirem nicht vorliegt. 
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Die A n a s t 0 m 0 s e n , die nach de Litardiere cliirch Aneinander- 
hafteiibleiben der Chromosomen wahrend des Auseinanderweichens in der 
Telophase entstehen, verschwinden in der Prophase wieder und zwar in- 
folge der Veiiangerung und Verkiirzung der Chromosomen; das kornige 
Aussehen der Prophasechromosonen soli von den abgerissenen Anasto- 
mosen herriihren. Zuweilen beobachtete de Litardiere auch Anasto- 
mosen am Ende der Prophase oder in der Metaphase, die erhalten ge- 
blieben oder evtl auch durch Neubildung in der gleichen Weisc wie in der 
Telophase entstanden sein konnten. 

Die Stelle der „ 1 n s e r t i o n der Chromosomen an die ,,Spindel- 
fasern’’ wahrend der Metaphase ist nach de Litardiere meistens „ter- 
minah' (Beispiel : Pteris cretica, Fig. 25), haufig auch intermediar, seltener 
median {Hymenophyllum tunbridgense, Fig. 16, 17). Die Chromosomen sind 
an der Ansatzstelle fadenformig zugespitzt. In ein und derselben Aequa- 
torialplatte ist die Insertion oft verschieden. Die Trennung der Toch- 
terchromosomeii beginnt meistens an der Insertionssteile. 

Die Chromosomen in der Ana- und Telophase sind entsprechend ihrer 
Insertion entweder alle stabchenformig (nahezu gerade gestreckt oder etwas 
gekrummt wie bei Pteris cretica u.b,. Polypodiaceae, Fig. 35), oder eine An- 
zahl von ihnen ist F-formig {Hymenophylhm- hmbridgense, Fig. 7, 16) 
mit gleichen oder ungleicli langen Schenkeln. 

Wahrend der Wanderung zu den Polen findet eine V'erkllrzung und Ver- 
dickung der Chromosomen statt. 

Die N u k 1 e 0 1 e n , die wahrend der Interphase recht grosse Gebiide 
darstellen, sind in der spaten Prophase oder in der Metaphase (Pig. 24) 
nur in P'orm kleiner Korperchen vorhanden. Wahrend der Metaphase 
Oder spater sind (besonders sch5n bei den Psilotaceael) an der Grenze der 
Spindelfigur Nukleolen oder Reste davon gelegentlich zu beobachten 
(Fig. 34, 74), die offenbar ins Plasma gelangen und dort aufgeldst wer- 
den (Rosen 1896, de Litardiere 1921, Yeates 1925) *-). 

Nach de Litardiere (1921) erscheint die Spin del bei Hymeno- 

Fig. 37-51. Osmunda regalis. 37 a, b Telophase der letzten gewdhnlichen Mitose im 
Archespor; 38 Interphase; 39 ff. Prophase der 1. Reifeteilung; 39, 40 Bildung der 
Leptonemafaden; 41 Leptonema; 42 Beginn. des Zygonemastadiums; 43 Zygonema 
(Bukettanordnung) ; 44, 45 Pachynema; 46, 47 Strepsinema. 48-50 Verkiirziing und 
Verdickung der Faden; 51 Gemini mit Aequationsspalt in den iinivalenten Chro- 
mosomen. Nach SzAKiEN (1927). — Fig. 52. Zygonemastadium von Osmunda 
rcgalis, Nach Gre;goire (1907), — Fig. 53. Osmunda regalis mit “looping over”. 
Vergr. 1200 X . Nach Digby (1919). — Fig. 54. Das gleiche {Osmunda regalis) nach 
Farmer und Moore (1905). — Fig. 55. Doodia. “Second contraction”. Vergr. ca. 
1300 X . Nach Sarbadhikari (1924). — Fig. 56. Osmuyida regalis. Heterotypische 

b Tgl. hierzu jedoch die Angaben von Heitz (1936). 

b Wieich aus einer Anmerkung in der Arbeit von de Litardi£:re (1921, S. 379) 
entnehme, soli nach Pampaloni (Annali de Bot. 1, 1903) der Nnkleolus des alteh 
Kerns in den Tochterkern hineingelangen. Alle anderen Angaben besagen aber 
demgegeniiber, dass der Nukleolus stets neu gebildet wird (Fig. 74). 
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Metapliasein Polansicht. Nach de Litardi:e:re (1921). — Fig. 57. DryoptdHsre- 
mota, Diakinese. Vergr. ca. 1600 X . AusDopp (1932). • — Fig. 58-60. Meta-, Ana- 

und Telophase derlieterotypischenXeilung von dentata. Nach Yamanou- 

CHi (i908a). — Fig. 61-64. Desgl. Anfeinanderfolgende Stadien der homoeotypi- 
schen Teilung. Nach Yamanouchi (1908i3^). — 37-51, 54 umgezeichnet ; 57 Original, 
die Librigen Fig. photograph. Wiedergaben. 
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phyllum tunhfidgense in Gestalt zweier Polkappen. Mit Vergrosseruiig 
derselben verringert der Kern bei dieser Art ebenso wie bei Pteris cretica 
seiii Volumen und nimmt eine abgeplattete Gestalt mit grosser Aequato- 
rialachse an; de Litardiere schliesst daraus, dass der Kernsaft an der 
Bildung der Spindel beteiligt sei. 

§ 4. Die Reifeteilungen. — Wichtigste Literatur: Baranov (1925), 
Beer (1913), Calkins (1897), Digby (1919), Dopp (1932), Ekstrand 
(1920), Farmer u. Moore (1904, 1905), Farmer und Digby (1907, 1910), 
Gregoire (1907, 1910), Gregory (1904), Osterhout (1897), Rosen 
(1896), Sarbadhikari (1924), Smith (1900), Stevens (1898), Szakien 
(1927), Yamanouchi (1908 a, 1910), Yuasa (1934 b, 1935 a), — Die 
meisten der erwahnten Arbeiten beschaftigen sich mit den Reifetei- 
lungen bei den Filicinae; oiler dings sind manche Vertreter und sogar 
gauze Familien (z.B. die Hymenophyllaceae) nicht oder nur wenig unter- 
sucht. Wenig Beriicksichtigung haben auch die Lycopodiaceae, SelagineP 
laceae und Eqidsetum geinnden. Mit Lycopodium befasst sich die Arbeit von 
Baranov (1925); die Reifeteilungen von Psilotum haben Rosen (1896), 
Farmer und Moore (1905), Yamaha (1920) und Meyer (1928), die von 
Isoetes Ekstra-nd (1920), Ekambaram und Venkatanathan (1933) 
und Yuasa (1935 a) untersucht. Sehr wenig sind wir noch liber Selagi- 
nella unierticYitei (Denke 1902, Graustein 1930). An haben 

Osterhout (1897) und Beer (1913) gearbeitet. 

Nach Smith (1900) betragt bei Osmunda die Zeitdauer fur das Ruhe- 
stadium und flir die Prophase bis zur Synapsis etwa 14 Tage, fiir die 
Synapsis selbst ungefahr 3-4 und fiir die beiden Reifeteilungen ungefahr 
2-3 Tage. 

Ueber die erste Reifeteilung bei den Pteridophyten gehen die Meinungen 
noch erheblich mehr auseinander als beziiglich der gewohnlichen Mitose, 
wie sich dies besonders bei dem am meisten untersucht en Objekt, Osmtmda, 
zeigt. Auf der einen Seite stehen die Vertreter der Parasyndese (Yama- 
nouchi, Gregoire, Szakien), auf der anderen diejenigen, die die Kon- 
jugation nach dem Schema der Metasyndese ablaufen sehen (Farmer und 
Moore, Gregory, Digby, Sarbadhikari), 

Nach Auffassung derjenigen Autoren, die eine Par a s y n d e s e ver- 
treten, laufen die Vorbereitungen zur 1. Reifeteilung bei Osmunda regalis 
(Gregoire 1907, Yamanouchi 1910, Szakien 1927) in der Weise ab, 
dass in der Prophase die Chromosomen, die sich zunachst als diinne Faden 
herausdifferenziert haben (Leptonemastadium, Fig. 39-41), paarweise 
miteinander in Verbindung treten (Zygonemastadium, Fig. 42, 43) und 
konjugieren. Die so entstandenen Doppelfaden zeigen eine sehr charakte- 
ristische ,,Bukett''-Anordung, wie schon die bekannte Abbildung Gre- 
GOiREs zeigt (Fig. 52). Die Vereinigung geht soweit, dass die Doppel- 
chromosomen paarweise zu je einem einzigen Faden verschmolzen er- 
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scheinen (Pachynema, Fig. 44, 45) ; hochstens an einigen Stellen siiid die 
Konjugationspartner etwas voneinander entfernt und daher als gesonderte 
Faden zu erkennen. Zunachst ist hierbei noch Bukettanordnung vorhan- 
den; sie macht jedoch baldeiner unregeimassigen Anordnung der Doppel- 
faden Platz, wobei der innige Kontakt, der vorher bestand, gelockert 
wird (Fig. 46, 47). Nach Durchlaufung eines Strepsinemastadiums (Fig. 
46 , 47) verkiirzen und verdicken sich die Chromosomen (Pig. 48-50), bis 
schliesslich die verschiedenartig gestalteten Chromosomen- der Diakinese 
(Fig. 51, 56, 57, 66-70) zu beobachten sind, — Ganz ahnlich wird die 
Konjugation bei Dryopteris dentata {YAUA’^ovcm 1908 a) und Dryopteris 
remota (Dopp 1932) beschrieben. Sie scheint auchbei (Yuasa 

1934 b) und Isoetes (Yu as A 1935 a) in dieser Weise zu verlaufen. 

Demgegeniiber behaupten die Anhanger der Metasyndese, dass 
die Gemini aus einem Pachynema-Faden, in dem zwei homologe Chro- 
mosomen ,,end to end” verbunden sein sollen, wahrend der ,, second con- 
traction” (Fig. 55) durch Umbiegung der Enden (looping, Fig. 53, 54) und 
darauffolgende Parallellagerung der Einzelchromosomen entstehen. Das, 
was bei Annahme einer Parasyndese als Langsspalt zwischen zwei ganzen 
univalenten Chromosomen angesehen wird, betrachten die Vertreter der 
Metasyndese als eine Spaltung, die ein univalent es Chromosom langsteilt. 
So beschrieben Farmer und Moore bei Osmunda den Konjugationsmodus. 
Beer (1913) schildert in ganz ahnlicher Weise die Konjugation bei Equi- 
setum arvense. Bei Miss Digby (1919) und entsprechend bei Sarbadhikari 
{Doodia, 1924) kommt als neuer Gesichtspunkt hinzu, dass diese Autoren 
in den Vorgangen der meiotischen Prophase eine Wiedervereinigung der 
in der vorhergehenden Telophase getrennten „Langshalften” je eines Chro- 
mosoms sehen, wie sie in jeder Prophase erfolgen soil. Die Doppelfaden 
(Fig. 43), die Gregoire u.a. als zwei ganze univalent e 
Chromosomen ansehen, halten sie also fiir die vorher voneinander ge- 
trennten, dann aber wieder vereinigten Langshalften j e eines u n i- 
valenten Chromosoms. 

Dazu ist folgendes zu sagen: 

1. Fine Langsspaltung der Chromosomen von Osmunda in der Telo- 
phase scheint mir nach der Untersuchung von Szakien nicht erwiesen. 
Die Chromosomen erfahren, wie aus Szakiens Abbildungen hervorgeht, 
in der Telophase charakteristische Veranderungen (Fig. 37), bleiben 
aber in der Interphase als einheitliche Gebilde vorhanden (Fig. 38); es 
gehen also aus einem Chromosom nicht zwei Faden hervor, die wahrend 
der Interkinese voneinander getrennt sind. Zu Beginn der Prophase stel- 
len nach Szakien die Chromosomen Zickzackfaden von einfacher Struk- 
tur wie in einer gewohnlichen Prophase dar (Fig. 39). Diese einfachen 
Faden konnen also offenbar keine Langshalften von Chromosomen sein. 
Auch eine Spaltung von univalenten Faden auf einem Prophase- 
stadium kann nicht vorliegen. Denn dann miissten doch wohl Stadien 
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beobachtet werden, in denen die Einzelfaden eines Paares nur halb so 
dick sind wie ein in den yorhergehenden Stadien beobachteter einzelner 
Faden vor dem Auftreten der Doppelstruktur, was niclit der Fall ist. Es 
treten also gauze u n i v a 1 e n t e Chromosomen paarweise zusam- 
nien. Zu dem gleichen Ergebnis konnte ich, u.a. durch Berltcksichtigung 
der Fadendicke auf den einzelnen Stadien, bei Dryopteris re^nota {1932) 
und D, spinulosa imd D, Filix-mas kommen. 

2. Von den englischen Autoren (Digby, Sarbadhikari) wird der „ se- 
cond contraction” eine besondere Bedeutimg beigelegt. Diese besteht 
darin, class die Faden sich auf einem gewissen Stadium der Synaj^sis von 
der Kernwand abldsen und sich im Kerninnern eng aneinanderlagern 
(Fig. 55), wobei das Umbiegen der Faden und die (angenaherte) Paraliel- 
lagerung der vorher „end to end” verbundenen Einzelchromosomen er- 
folgen soli (Fig. 53). Wahrend also in der Synapsis die Parallellagerung 
der Halften der univalenten Chromosomen erfolge, werde in der „second 
contraction” die Paarung der ganzen univalenten Chromosomen durch- 
gefiihrt. Demgegeniiber ist in Uebereinstimmung mit Belar (1928, S. 182) 
und Geitler (1934) zu sagen, dass die ,, second contraction” ebenso wie 
die Synapsis (s.unten) zweifellos ein Artefakt darstellt. 

3. Aus den Figuren von Digby, ebenso aus denen von Sarbadhi- 
kari, lasst sich eine Bildung von Gemini in der von ihnen geschilderten 
Weise nicht feststellen, — Die grossen Zwischenraume zwischen den 
Schenkeln des F-formigen Gebildes, die sich die englischen Autoren durch 
eine Umbiegung entstanden denken, werden von Szakiex durch die 
Angabe erklart, dass nach dem Pachynemastadium ein Strepsinema- 
stadium, in dem die Konjugationspartner stellenweise sich voneinander 
trennen, durchlaufen werde (Fig. 47). 

4. Die Bilder in Fig. 53, 54 lassen sich durch eine wahrend oder nach 
der Parallelkonjugation erfolgte Verklebung zweier Enden erklaren. Flir 
ringformige Gemini bleibt auch fiir Digby keine andere Erklarung iibrig, 
als dass freie Enden auf einem spateren Stadium miteinander vereinigt 
sind. Es ist daher nicht einzusehen, warum man die Vereinigung der 
Enden im Sinne der Metasyndese auffassen soli. 

5. Bei genauer Aneinanderreihung der einzelnen Stadien ergibt sich 
meines Erachtens kein'anderer Schluss als der, dass der Spalt, der in den 
Gemini die univalenten Chromosomen trennt (Fig. 66-68) und auch 
nach Digbys Ansicht der Konjugationsspalt ist, dasselbe darstellt, wie der 
friiher in der Prophase beobachtete Zwischenraum (Fig. 43). 

Es seien noch 'einige Einzelfragen erortert. Wahrend der heteroty- 
pischen Prophase vergrossert sich das K e r n v o 1 u m e n betrachtlich. 
Beer (1913) gibt fiir Equisetum eine Vergrosserung des Durchmes- 

sers von 1 4 auf 1 7pL an. Wahrend der Diakinese scheint eine geringe Abnahme 
des Volumens einzutreten (vgL Prophase der gewohnlichen Mitose, § 3). 

In der Synapsis erscheint bei Dryopteris der Kern in Form eines etwas 
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eingedriickteii Giimmiballes, wobei das „Bukett’' an der konkaven Stelle 
des Kerns sitzt. Spater wird er wieder kugelig. 

Die s y n a p t i s c h e Z ii s a m m e n b a 1 1 u n g der Cliromatin- 
masse an einer Stelle des Kernraums, die man an schlecht fixierten Pra- 
paraten (Fig. 65 b, c) beobachtet, ist ein Kunstprodukt (Dopp 1932). An 
lebenden Sporenmutterzellen (Fig. 65 a) sowie bei guter Fixierung (Fig. 
65 d) ist eine Verklumpung nicht zu beobachten. Die Cliromosomen fiil- 
leii den ganzen Kernraum ans. 

Dass ein kontiiiuierliches Spirem vorhanden ist, erscheint mir unwahr- 
sclieinlich. 

In den Leptonema - sowie in den Pachynemafaden von Polypodiaceae 
kann man kleine Korperclien, die G h r o m o m e r e n, erkennen (vgl. 
aucli die Abbildungen von Osmunda bei Digby, Sarbadhikari und Sza- 
kien). 

In der Diakinese konnen die beiden Cliromosomen eines Geminus 
parallel gelagert sein, oder die Gemini nebmen andere Formen an (Fig. 
51, 56, 57, 66-70, 79, 81). Wie Calkins (1897), Yamanouchi (1908) u.a. 
ansflihren, entstehen die verschiedensten Formen {H, I, L, 0, T, U, V, 
X, Y), Entweder sind die Konjugationspartner an einem oder an beiden 
Enden verbunden, Oder beide Enden sind frei. 

Yamanouchi (1 908 a) findet, dass bei Aspidium molle der e q u a - 
t i 0 n s s p a 1 1, der die nnivalenten Chromosomen der Lange nach hal- 
biert, erst in der Anaphase der heterotypischen Teilung auftritt. Szakien 
(1927) dagegen beobachtete bei Osmunda regalis dlesen Spalt schoii in 
der Diakinese. Audi bei D. remota komite ich (Dopp 1932) schon wah- 
rend der Diakinese den Langsspalt erkennen. Dieser teilt das univalente 
Chromosom langs, nicht quer; eine Querteilnng wurde auf Grund un- 
riclitiger Deutung von Calkins (1897) angegeben ^), von Stevens (1898) 
jedoch wieder bestritten. 

Fur die Reifeteilungen werden von Humphrey (1894) 2) Centrosomen 
beschrieben {Osmunda, Psilotum), ebenso von Calkins (1897) fiir Pteris 
trenvula. Hier liegt sicher ein Irrtum vor. Weder Smith (1900) noch Digby 
(1919) iiaben bei Osm^mda Centrosomen gefunden, ebenfalls nicht Oster- 
HOUT (1897, Equisetum), 

Die S p i n d e 1 der heterotypischen Teilung, deren Bildung, wie in 
einigen Fallen beobachtete wurde, etwa wahrend der Synapsis . beginnt 
(Smith, Dopp), ist haufig zunachst multipolar polyarch (vgl. jedoch 
Farmer und Digby (1910)), spater dagegen bipolar. Von Osterhout 
(1897) und Beer (1913) wird bei zunachst eine multipolare 

Spindel angegeben, aus der eine multipolar diarche und schliesslich eine 
bipolare Spindel hervorgeht. 

0 Calkins beschreibt „Tetraden'', die durch eine Langs- und eine darauf fol- 
gende Querteilung eines Spiremsegmentes entstanden seien. 

q Ber. D. Bot. Ges. 12, 1894. 
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Soweit genauere Beobachtungen vorliegen, scheint die Trennung der 
beiden univalent en Chromosomen in der ersten Reifeteilung stattzu- 
finden, sodass also die e r s t e T e i 1 u n g die R e d u k t i o n bewirkt 
uiid daher als Reduktionsteilung bezeichnet werden kann. 

Wahrend der n a p h a s e (Fig. 59) ist die charakteristische F-Form 
zu erkennen, die durch Auseinanderweichen der durch den Aequations- 
spalt gebildeten Halften an deren der Aequatorialebene ziigewandten 
Enden zustandekommt. Die Chromosomen wandern nicht in gleiclier 
Front zu den Polen, sondern einige bleiben hinter den andejen zurtkk. 
Die F-Form bleibt offenbar wahrend der Interkinese erhalten. 

Die Chromosomen erscheinen in der Prophase der z w e i t e n R e i fe- 
te i 1 u n g (Fig. 61-64) im Gegensatz zu einer gewohnlichen Teilung mit 
weit voneinander geriickten Spalthalften ; entweder sind die beiden 
Teilstiicke parallel oder an einem Ende verbunden, in F-fdrmiger Anord- 
nung, die noch v6n der vorhergehenden Anaphase herriihrt. In der Me- 
taphase sind sie dagegen parallel gelagert. Die homoeotypische Spindel 
hei Equisetum ist nach Beer zunachst entweder multipolar polyarch 
Oder multipolar diarch. Spater ist sie bipolar. Auch in anderen Fallen 
scheint die Spindel sich so zu verhalten. 

Ueber andere Inhaltsbestandteile in den Sporenmutterzellen und die 
Vorgange bei der Wandbildung s. bei Marquette (1908)^) und Senja- 
NINOVA (1928) 2). 

§ 5. Die Nukleolen in Beziehung zu Kernteilung und Chromoso- 
men. — WichtigsteLiteratur: Beer (1913), de Litardiere (1921), Yeates 
|1925). — Schon Rosen (1896) bildet iut Psilotum die s y m met r i - 
s c h e L a g e der Nukleolen in den beiden Tochterkernen ab (Fig. 71). 
Ferner machte de Litardiere die Beobachtung, class die Nukleolen in 
g 1 e i c h e r Z a h 1 und in s y m m e t r i s c h e r L a g e in den jungen 
Tochterkernen entstehen (Fig. 72). Die Symmetrie erstreckt sich auch auf 
die Form und Gr osse der Nukleolen. Er gibt dafur aber nur eine 
ganz allgemein gehaltene Erklarung ab. Die gleichen Festellungen machte 
Yeaies (1925) iiiT Tmesipteris tannem (Fig. 73). Nun hat Heitz (1931, 
1935)^) festgestellt, dass die Nukleolen von Blutenpflanzen an genau 
festliegenden achromatischen Stellen einzelner bestimmter Chromosomen 
(SAT-Chromosomen) entstehen. Da diese in einer fiir die betreffende 
Pflanze konst ant en Zahl vorhariden sind, so ergibt sich eine best immte 
Anzahl und eine gesetzmassige, in Bezug auf die Aequatorialebene sym- 
metrische Anordnung der in den Tochterkernen entstehenden Nukleolen. 
Wenn diese Ergebnisse auch fiir die Pteridophyten zutreffen wurden, so 
ware auch hier fiir die Zahl- und Symmetrieverhaltnisse eine Erklarung 

q T^^^^ Ac. 16, 1908. 

q f. mikro^ Anatomic und Zellforschung 6, 1928. 

q Planta 12, 1931. 
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gefunden. Es sind nun natiarlich bei den Farnen zunachst genaiie Unter- 
siichungen erforderlich, die an Objekten einsetzen miissten, die vielleicht 
SAT-Chromosomen besitzen {Hymenophylluml Vgl. §6). 

Einige Beobachtungen 
liegen aber durchaus 
sckon im 


Sinne der 
HEiTZschen Ergebnisse. 

In den Ruhekernen ist die 
wMirend der Telophase 
voriiegende N iikleolen- 
zahl infolge der Ver- 
schraelzung von zwei 
Oder mehr Nukleolen 
meistens nicht mehr vor- 
handen. Nun zeigte aber 
Yeates (1925), dass im 
Sporophyten von Tme- 
sipteris tannensis eine 
Maximalzahl von 6 Nu- 
kleolen nicht uberschrit- 
ten wird. Ich habe mich 
gleichfalls bei mehreren 
Polypodiaceen davon 
uberzeugen konnen, dass 
die Nukleolenzahl liber 
ein bestimmtes Hochst- 
mass nicht hinausgeht. 

Eine weit ere Konsequenz 
wiirde sein, dass die 
Hochstzahi im Garnet o- 
phyten halb so gross ist 
wie im Sporophyten und 
dass die letztere gerade 
ist. Dies hat sich bei 
einigen Alien tatsachlich 
als zutreffend herausge- 
stellt. Yeates erhielt als 
Hochstzahi in Sporen 
und im Garnet ophyten 3, 
im Sporophyten 6. Im 

Archespor von Dryopteris spinulosa idin^ ich 6, im Gametophyten 
nur 3 Kernkbrperchen im Hochstfall; entsprechend zahlte ich im 
Prothaliium von D. Filix-mas 1-2, in Wurzelspitzen und Sporangien 
1-4 Nukleolen. D. Filix-mas besitzt im haploiden Zustand etwa 80 
Manual of Pteridology 17 
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Fig. bS a~d. Sporenmutterzellen von Dryopteris re- 
mota in „Synapsis”. a. nacli lebendem Material, 
b. gleiche Zelle wiee?, sofox’tnach Fixierung mit Bouin 
gezeichnet, c. nach einem Mikrotonischnitt (schlecht 
fixiert), d!. bei starkerer Vergrosserung (gut fixiert). 
a~c Vergr. 650 X,i Vergr. 1 800 X . Aus Dopp (1932). 
— - Fig. 66-68. Geminiformen. 66 Osmunda rega- 
lis] 67 Psilotum triquetrum', 6% Dryopteris remota', 66, 
67 nach Farmer und Moore 1905 (umgezeichnet) ; 68 
aus Dopp (1 932 ; Orig.) . — Fig. 69. Lycopodium clava- 
Diakinese. Vergr. ca. 900 x . Nach Baranov 
(1925) umgezeichnet. — Fig. 70. SelagineUa apoda, 
MikrospGrenmutterzelle in Diakinese. Nach Grau- 
STEiN (1930) umgezeichnet. 
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Chromosomen; die gleiche Zahl hat dieapogame Varietat D. Filix-mas var. 
c; 7 s?to,hort.inbeidenGenerationen (Dopp 1932, 1933). Die Varietat be- 
sitzt dementsprechend auch im Sporophyten nur 1--2 Ntikieolen. Eine aiis 
dieser experimenteli von mir erzeugte Pflanze (vgl. § 8 und 9) mit der 
doppelten Chromosomenzahl zeigte dagegen 1-4 Kernkorperchen i) . Zii 
erwahnen ist noch, dass Farmer u. Digby (1907) fur die Prothaliien einiger 
Varietaten von Athyrium Filix-femina, die mindestens die doppelte Zahl 
von Chromosomen gegeniiber der Normaiform besitzen, eine hohere 
Nukleolenzahl angeben (bei der Normaiform 1-2, bei den Varietaten dage- 
gen mehr). 

In der Telophase nehmen die Nukleolen an Grosse zu, walirend ande- 
rerseits die Farbbarkeit der Chromosomen abnimmt; umgekehrt ver- 
ringert sich in der Prophase das Volumen der Nukleolen bei gleichzeitiger 
Zunahme der Farbbarkeit der Chromosomen. Daraus schliesst DE Litar- 
DiERE (1921), dass die Nukleolen durch Ausfliessen von Substanz aus den 
Chromosomen entstehen und dass andererseits in der Prophase Nukleolen- 
substanz wieder auf die Chromosomen ubertragen werde. Zu dergleichen 
Auffassung ist auch Beer (19^3) gekommen. Beer und Yeates (Fig. 75) 
fanden, dass in den Sporenmutterzellen in friiheren Prophasestadien von 
den Nukleolen tropfchenformige Gebilde abgegeben werden. Wir wissen 
jedoch sonst nichts Tatsachliches liber diese Dinge. 

Vgl. noch § 3. 

§ 6. Die Chromosomen (Individualitat, Zahl, Grosse, Form, 

Bau). — Wichtigste Literatur : Digby (^ 919), Farmer and Digby (1907), 
Gregoire (1907), Heitz (1926), de Litardiere (1921), Sarbadhikari 
(1924, 1927), SzAKiEN( 1924, 1927). 

Individualitat. — Die Interphasekerne von Salvinia und Azolla 
lassen sehr schon die einzelnen Chromosomen erkennen, da diese seit der 
Telophase fast far keine Veranderung erfahren haben (Fig. 30, 31). De 
Litardiere konnte auch bei zahlreichen anderen Objekten, sowie Sza- 
KIEN bei Osmunda regalis (1927), Schritt fiir Schritt durch die Interphase 
hindurch die Chromosomen verfolgen (Fig. 10, 20, 38). 

Chromosomenzahl. — Vorausschicken mochte ich, dass einer- 
seits bei zahlreichen Arten die Chromosomenzahlen noch nicht ermit- 
telt sind, andererseits manche friiheren Zahiungen einer Nachprlifung 
bediirfen. 

Die bisher angegebenen Chromosomenzahlen schwanken zwischen sehr 
hohen und sehr fiiedrigen Werten. Beziiglich der bei vielen Pflanzen 
sehr hohen Chromosomenzahlen nehmen die Pteridophyten eine beson- 
dere Stellung ein (Fig. 76 — 81). Nur wenige Angiospermen besitzen so 
hohe Haploidzahlen von 60 Chromosomen und dariiber, wie sie bei den 
Farnen recht haufig sind. Besonders hohe Werte finden sich bei den 


0 Vgl. Merzu auch Geitler (Piaata 17, 1932). 
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Polypodiaceen, 0 phio gloss aceen, Psilotaceen und bei Eqitiseiim, w^hiend 
aiidererseits bei den Hymenophyllaceen, Osmundaceen, Marsiliaceen, 
Salviniaceen, Lycopodiaceen und I soetaceen erhebbch niedrigere Zahlen 
voiiiegen. 

Die geringste Haploidzahl (4) hat Arnoldi (1910) fiir eine von ilim 
untersuchte Form von Salvinia natans angegeben. Andere Forscher fandeii 
d^igegen hei Salvinia natans n=8 Chromosomen (Kundt 1911 ^), Yasui 
1911) ^). Vermutlich haridelt es sich hier um verschiedene Rassen (vgl. 
§ 9). Die Zahl n=8 wird ferner angegeben fiir Selaginella- Alien (Denke 
1902, Heitz 1926). Dann folgen Isoetes-Arten (Takamine ^) 1921) mit 11, 
Pilularia mii 13 (de Litardiere 1921), Lycopodum clavatum mit 14 
(Baranov 1925), Polypodum aureum (Heilbronn 1928) soWie Mar silia- 
Arten (Strasburg.|:r 1907, de Litardiere 1921, Marschall «) (1925) 
mit 16 und Osmunda- Alien mit etwa 20--22 Chromosomen ini haploiden 
Zustand (Yamanouchi 1910, Digby 1919, de Litardiere 1921, Oku- 
NO 1936). Schon recht hohe Werte weisen die Arten der Quiiung Dry op - 
teris auf (60-80, gewisse Varietaten z.T. mehr). Diemeisten Chromosomen 
warden bisher aufgefunden bei Tmesipteris tannensis (100, nach Yeates 
1925), Psilotum triquetrum (Variety (104; Okabe 1929), Equisetum arvense 
(ca. 115; Beer 1913), Ophioglossumvulgahm {100-120 iBuRLmoAUE 1907), 
und schliesslich hei Ophioglossum ellipiicum 170 ais bisher h 5 c h s t e 
Haploidzahl (Yu as a 1934 h), Auc\i hei Dry opteris remota (Dopp 1932) 
ergibt sich fiir die Sporenmutterzellen eine recht hohe Zahl (130 Gemini 
= 260 Einzelchromosomen). Auffallend hoeh ist ferner der voii Friebel 
(1933) fiir gewisse abnorme Sporenmutterzellen von Polyhotrya cervina 
gefundene Wert (bis liber 600 Chromosomen). Zahlen um 100 herum 
und dariiber sind bei den Angiospermen Ausnahmen; im ubrigen sind 
diese Grossenordnung sowie daruber iiegende Zahlen werte nur fiir gewnsse 
Flagellaten und andere Protisten angegeben. — Bemerkenswert ist, dass 
in der Familie der Polypodiaceen die Zahl n~32 bei verschiedenen 
Gattungen wiederkehrt (z.B. Cystopteris fragilis, Adiantum capillus-Ve- 
neris, Phyllitis S colop endrium, Pteridium aquilinmn und Pteris- 
Arten). — Soweit bisher bekannt ist, konnen die Arten einer Gattung 
entweder die gleiche Zahl besitzen {Marsilia) oder aber erhebliche Un- 
terschiede auf\veisen (z.B. in der Gattung Salvinia (niedrigste Zahl 
n = 4, hochste n == 32) und bei Selaginella (niedrigste Zahl n = 8, hochste 

0 Bei den hier angegebenen Zahlen, soweit nichts anderes vermerkt, handelt es 
sich stets nm die Haploidzahl, z.T. nicht um direkt gefundene Werte, sondern um 
solche, die sich aus der von den Autoren angegebenen Diploidzahl errechnen lassen. 

0 Flora 100, 1910. 

0 Beih. Bot. Centralbl. 27, I. Abtlg., 1911. 

0 Ann. of Bot. 25, 1911. 

0 Bot. Mag. Tokyo 35, 1921. 

0 Bot. Gaz. 79, 1925. 
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11 = 28), aber aiich Varietaten einer Art konnen erhebliche Unterschiede 
in der Cliromosomenzahl sowohl gegeniiber der Normalform wie auch unter- 
eiiiander zeigen. Als Beispiel nenne ich die von Farmer uiid Digby (1907) 
untersucliten Varietaten von Dryopteris Filix-mas und Athyrium Filix- 
femina, iemeT Dryopteris Filix-mas aus der Marbiirger Gegend (ca. 80 Chro~ 
inosomeii, Dopp \9Z2) nnd Dryopteris Filix-mas ssp. eu-Filix-mas var. ere- 
nata and var. Borreri (65 Chromosomen, de Litardiere 1921), ferner 
(ebenfalls bei Marburg gef unden) Dryopteris spinulos a ssyf. dilatata (82 Chro- 
mosomen, Dopp 1932) und D, spinulosa ssp. dilalata var. oblonga (65 Chro- 
mosomen, de Litardiere 1921), ausserdem die von verschiedenen Stand- 
orten stammenden, morphologisch aber offenbar durchaus gleichen Pfian- 
zen von Salvinia natans. Die Erscheinungen der Poiyploidie solien jedoch 
in einem besonderen Abschnitt besprochen werden. 

G r 0 s s e n v e r h a 1 1 n i s s e . — Bezuglich der Grossenverhalt- 
nisse der Chromosomen (De Litardiere 1921, Friebel 1933) ist zunachst 
zu sagen, dass solche Langen wie bei den Phanerogamen (z.B. bei Trillium 
grandijlorum) mQVCidls erreicht werden. Durch besondere Lange zeichnen 
sich nach de Litardiere die Chromosomen von Ceratopteris thalictroides 
aus (ca. 12 |jl). — Im einzelnen ergeben sich Unterschiede nach der Zuge- 
horigkeit zu Familie, Gattung, Art oder Varietat. Besonders grosse Dimen- 
sionen hinsichtlich Lange und Dicke finden sich hei Hymenophy Hum tun- 
bridgense und den librigen Artender Gaiiung Hymenophy Ihim, ferneT auch 
bei den 0$mundaceen, w?ihiend andererseits die Chromosomen dev Salvi- 
niaceen, Lycopodiaceen (Fig. 69) und Selaginellaceen ^) recht kleine Gebilde 
sind. Was die Verschiedenheiten zwischen Arten einer Gattung betrifft, 
so sind z.B. die Chromosomen von Hymenophyllum^ demissum diinner als 
die von Hymenophyllum tunhridgense, und entsprechend diejenigen von 
Adiantum cuneatum feiner als die von A. capillus-Veneris. Der Quer- 
durchmesser schwankt jedoch nicht nur bei verschiedenen Familien, Gat- 
tungen oder Arten, son dern auch fiir Varietaten ein und derselben aWt. 
Beispielsweise fand de litardiere die Chromosomen von Phyllitis Sco- 
lopendrium var. ramo-marginahtm diinner als die der Normalform oder der 
Varietat ferner ergaben sich Langenunterschiede zwischen Pteris 

cretica und der Varietat alho-lineata (Tab. 4) Dariiber hinaus zeigen sich 
aber Unterschiede in Bezug auf Lange und Dicke im gleichen Kern oder in 
der gleichen Platte, wie aus Tab. 4 undFig, 82 hervorgeht. Ausser den in 
Tab. 4 angegebenen Zahlen scheinen auch Zwischenwerte vorzukommen. 


Bei den Lycopodiaceen und Selaginellaceen ergeben sich Dimensionen von 1-2 
pL (Baranov 1925, Heitz 1926). 

Bei Material von Salvinia natans yon verschiedenen Standorten, das morpho- 
logisch keinerlei Unterschiede zeigte, fand de LitardiLre (1921, 1928) erhebliche 
V erschiedenheiten nicht nur bezuglich der Zahl, sondern auch der Lange der Cho, 
mosomen. 
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Tab. Aa 

Verschiedeiie Langen von somatischen Chromosomen in [x aus der gieichen Platte. 
Nach DE LlTARDliiRE (1921). 


Pteris creiica . 2,25; 3 

Pteris cretica albo-lineata . . . . 2,8; 4 

N ephrolepis exaliata forma Piersonii . 2; 2,5; 4; 4,5; 5,5 

Dryopteris setigera .... . .... 1 ; 1,5^; 2; 2,5 ; 3 ; 4 

Pennstaedtia covnuta . . . . . . . . 3; 5 
A solla Carolinian a ......... 0,5; 1; 5 


Tab. 4b 

Dickenmessungen von Chromosomen (in jx). 

Polype di u m a u re 

Osmunda regalis 


Hymenophyllum 

tunbridgense 

Soweit es sich um grossere Unterschiede handelt,d^rften diese als erblich 
konstant anzusehen sein. Bei geringeren Unterschieden wird jedoch die 
Grenze zwischen einer auf Modifikation beruhenden Variabilit at und erb- 
licher Bedingtheit schwer oder gar nicht zu ziehen sein. — Vielleicht liegen 
auch bei Psilotum triquetrum verschiedene Chromosomenlangen vor (vgl. 
DE Litardiere 1921, S. 344, 345). Bei dem als Bastard aufgefassten Poly- 
podium Schneideri sind im Ruhekern Chromosomen von verschiedener 
Dicke zu erkennen. De Litardiere nimmt an, dass sich in den Bastard- 
kernen die Chromosomen der mutmasslichen Eltern (P. vulgar e und P. 
aureum) durch ihre Dimensionen unterscheiden. 

C h r 0 m o s o m e n f o r m. — • Die in der Aequatorialplatte angeord- 
neten Chromosomen sind mehr oder weniger lange, entsprechend ihrer 
Insertion fast gerade oder schwach gekriimmte Stabchen (Fig. 24, 34, 76, 78, 
80) Oder stark gebogene Gebilde (Fig. 16). Bei zahlreichen Filicinae, be- 
sonders hei den Polypodiaceen und Cyatheaceen sind die Chromosomen 
lang gestreckt; die ausseren liegen vielfach mit ihrer ganzen Lange in 
der Aequatorialebene, wahrend die zentral gelegenen aufgerichtet sind 
und sich nur mit einem kleinen, oft deutlich umgebogenen Stuck in der 
Aequatorialebene befinden (de Litardiere 1921). Bei Equisetiim herr- 
schen die gieichen Verhaltnisse. Bei A zolla und Salvinia (Fig. 27 — 33) 
dagegen sind die Chromosomen im Verhaltnis zu ihrer Dicke sehr kurz; 
in der Seitenansicht der Aequatorialplatte erscheinen sie als kleine runde 
oder eiformige Gebilde, da der grossere Teii des Chromosoms in der Aequa- 
torialebene iiegt. Auffallend ist der Unterschied in Grosse und Form zwi- 


Metaphase der hetero- 1-1,6 t 

typisclien Teilung ( Farmer und Digby 

homoeotypische Tig., 0,6-1, 1 j 1914 0 

Beginn der Anaphase 
Metaphase bei 0,6- 

Archesporteilungen 
Anaphasechromosomen 0,7- 

d. homoeot 3 ^pischen 
Teilung 

somatische 1,25-1,5 de Litardiere 1921 

Metaphase 


Farmer und Digby 
1914 0 


0 Phil. Trans. Roy. Soc. London, Ser. B, 205, 1914. 
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Fig. 71-73. Symmetrieverh§.ltmsse der Nukleoleii in jungen Tochterkernen. Fig. 
71. Psilotum triquetrum (Vergr. ca. 600 x). Nach Rosen (1896) ; Fig. 72. Pieris creti- 
ca. Nach de LiXARDitRE (1921); Fig. 73. Tmesipteris tannensis. Nach Yeates 
(1925). — Fig. 74. junger Tochterkern von Tmesipteris tannensis mit 6 neugebil- 
deten Nukleolen; 2 alte Nukleolen ausserhalb des Kerns, Nach Y'eates (1925). — 
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schen Selaginella- Axitii (Heitz 1926). Wahrend bei Selaginella grandis, S. 
Oiivrardii und S. Vogelii in der Metaphase stabclienformige Chromoso- 
men vorliegen, erscheinen sie bei S. Martensii als kleiiie kugelige Gebilde. 
Heitz iiimmt an, dass diese durch Zerfall von ehemalsstabchenformigen 
Chromosomen (Qllerteilu^g) entstanden sind (vgh S. 276). 

Die Chromosomen der Anaphase oder friihen Telophase sind je nach 
ihrer Insertionsstelle entweder alle stabchenformig (gerade gestreckt oder 
etwas gekrummt) wie bei Pteris cretica und zahlreichen anderen Poly- 
podiaceen, oder die Chromosomen sind z.T, V-formig (z.B. Hymenophyl- 
lum, Pilularia glohtdifera), 

Durch Aetherbehandlung konnte Friebel (1933) heiMattcuccia orien- 
talis statt der Interkinesekerne Kerne mit diakineseartigen Geminis und 
Einzelchromosomen erhalten (Fig. 110). Auch in den Tetradei^kernen 
bekam er nach Aetherbehandlung Chromosomen, die wie in einer Diakinese 
gestalt et und angeordnet waren (Fig. 111). 

C h r 0 m o s o m e n b a u . — Nach de Litardiere (1921) stellt ein 
Chromosom von Hymenophyllum oder von einer anderen Art mit grossen 
Chromosomen in der Telophase ein Gebilde dar, das nicht mehr homogen 
erscheint wie in der Metaphase, sondern eine Anzahl von ,,x\lveolen'' 
im Inneren enthalt. Ueber die Natur derselben kann de Litardiere 
nichts Genaues angeben. — Wahrend Yamanouchi (1908) eine einheitliehe 
Chromosomensubstanz annimmt, unterscheidet de LitardiLre eine 
,, nicht farbbare” Grundsubstanz und eine „farbbare’' Substanz, die 
die erstere durchtrankt. — x\ehnliehe Abbildungen wie de Litardiere 
gibt SZAKIEN (1927). 

Wie schon friiher gesagt, halt im Gegensatz zu de Litardiere und 
SzAKiEN Miss Digby ( 1 9 1 9) die Telophase-Ghromosomen von Osmunda 
fiir langsgespalten. Ich kann mich jedoch dieser Ansicht nicht anschliessen. 

Einige Abbildungen von de Litardiere und Szakien (Fig. 37, 84) 
lassen auf das Vorhandensein eines Schraubenfadens ( C h r o m o n e m a) 
und daher auf eine Schraubenstruktur der Chromosomen schliessen. Es ist 

Fig. 75. Nukleolen von Tmesipteris tannensis wahrend der Synapsis. Vergr. ca. 
1000 X . Nach Yeates (1925). — Fig. 76. Somatische Aequatorialplatte von Lepto- 
pteris superha mit 42 Chromosomen. Nach de Litardiere (1921). — Fig. 77. 
Spatere Anaphase in Polansicht aus einem Prothallium von Dryopteris remota. 
Ca. 130 Chromosomen. Vergr. ca. 1700 X . Aus Dopp (1932). — Fig. 78, 79. Dryop- 
teris spinulosa ssp. dilatata. Fig. 78 Prothallium, Aequatorialplatte; 82 Chromoso- 
men. Vergr. ca. 1 700 x ; Fig. 79 Diakinese, ca. 80 Gemini. Vergr. ca. 1700 X . Aus Dopp 
(1932). — Fig. 80. Somatische Aequatorialplatte von Dryopteris Filix~mas ssp. eu- 
Filix-mas var. crenata, Ca. 130 Chromosomen. Nach de Litardiere (1921). — 
Fig. 81. Metaphase der heterotypischen Teilung von Ophioglossuni ellipHcum mit 
ca. 172 Gemini. Vergr. ca. 700 X. Nach Yuasa {1934b), — Fig. 82. Verschieden 
lauge Chromosomen aus einer Aequatorialplatte von Dryopteris setigera. Nach de 
Litardiere (1921). — Fig. 83. Chromosomen von Hymenophyllum timhridgense. 
Nach DE Litardiere (1921). — Fig. 84. a, Chromosomen von Osmunda regalis, 
b, von Hymenophyllum tunhridgense. Schraubenstruktur? Nach de Litardiere 
(1921). — Fig. 77-79 Orig,, Fig. 76, 80, 91 photogr. Wiedergaben, die ubrigen um- 
gezeichnet. 
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daher anzunehmen, dass auch die Chromosomeii der Fame entsprechend 
dem allgemeinen Schema (Geitler 1934, Heitz 1936) gebaut sind. 

Weitere Meiiiungsverschiedenheiten bestehen hinsichtlich der Angabeii 
liber C h r o m o ni e r e n. Nach de Litardiere und Szakien solleii 
soiche Aiigaben auf Beobachtungsfehlern beruhen. Bei einigen Hymeno- 
phylhmt-Avten land nun aber de Litardiere (1921) haufig Chromosomen 
(Fig. 83), die an die Satellitenchromosomen von hoheren Pflanzen, z.B. 
von Vida f aba ^), sowie einiger Insekten erinnern. Es konnen eine oder 
mehrere achromatische Stellen vorhanden sein. Leider ist jedoch nichts 
daruber angegeben, ob diese Erscheinung konstant und erblich fixiert ist. 
(Da DE Litardiere an den achromatischen Stellen eine Art Scheide 
beobachtete, nimmt er an, dass jedes Chromosom von einer Fllille urn- 
geben sei.) De Litardiere gibt nun allerdings zu, dass soiche Chromo- 
somen mit einer oder mehreren achromatischen Stellen zugunsten der 
Auffassung angeflihrt werden konnten, dass das Chromosom aus einer 
Anzahl von Untereinheiten zusammengesetzt ist. — Auf Grund von 
Beobachtungen an Polypodiaceen sowie auf Grund der in der Literatur 
vorliegenden Abbildungen komme ich zu dem Schluss, dass wenigstens 
in den Fallen mit grosseren Chromosomen eine Langsdifferenzierung des 
Leptonema- und Pachynema-Fadensin Chromomeren und zwischen cliesen 
liegende Stiicke deutlich erkennbar vorhanden ist. 

Die Chromosomenstruktur bei den Lycopodiinae und Equisetinae kennen 
wir nocii weniger als die der Filidnae. Untersuchungen liber den Ban der 
Chromosomen sind daher dringend erf or der lich. 

Bemerkenswert ist, dass die kleinen Chromosomen von Salvinia undi 
Azolla in Telophase keine Riickbildung erfaliren (de Litardiere 1921 ; 
vgi. § 3). — Ueber H e-t e r o c h r o m a t i n und Chromocentren s. 
§ 2. — G e s c h 1 e c h t s c h r o m o some n sind bei den Farnen 
bisher noch nicht bekannt geworden. 

§ 7. Kernverschmelzung, — Wichtigste Literatur: Allen (1911), 
Belajeff (1889, 1897, 1898, 1899), Buchtien (1887), Campbell (1887, 
1888), Dracinschi (1930, (1931, 1932), Farmer und I)ibgy (I907), Guig~ 
NARD (1889), Rogers (1927), Sghottlander (1893), Sharp (1912, 1914), 
Shaw (1898 a und b), Thom (1899), Yamanouchi (1908 b), Yuasa (1932, 
1933 a, b, G, 1934 a, 1935 b). 

Geschiechtsz el 1 e li. — - Die S p e r m a t o g e n e s e der 
Pteridophyten und der Ban der S p e r m a t o z olden sind ofters 
bis in die jungste Zeit hinein genau studiert worden (Belajeff, Buch- 
tien, Dracinschi, Guignard, Schottlander, Sharp, Yamanouchi, 
Yuasa). Bei den letzten spermatogenen Teilungen tritt ebenso wiebei den 
Moosen und Cycadeen ein centrosomenartiges Korperchen auf (Fig. 85), 


1) Heitz, Pianta 12, 1931. 
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iiber dessen Herkunft sich nur Mutmassungen aussern lassen. Das nach 
den Untersudiungen von Sharp (1912, 1914) u.a. hieraus entstehende, 
langiiche, stark farbbare Gebilde i) ist nach Dracinsghi nicht, wie friiher 
angenomnien wurde, der Ursprungsort der Geisseln, dient also nicht als 
Blepharoplast, sondern es stellt (nach Dracinsghi) ein Chondriosom dar. 
Die Spermatozoiden der Pteridophyten mit Ausnahme von Lycopodmm imd 
Selaginella unterscheiden sich von denjenigen der Moose ausser durch den 
Besitz zahlreicher Geisseln durch eine mehr oder weniger hohe Zahl schrau- 
biger Umdrehungen ihres Kernes (Abb. 86 — 90). Der Kern besitzt keinen 
Nukleolus. Die Kernsubstanz farbt sich sehr stark und wurde friiher als 
homogen angegeben, jedoch konnte Dracinsghi an gefarbten, aber auch 
an lebendem Material Chromatingranula (Chromomeren?) feststellen (Abb. 
90), ebenso Yuasa an gefarbten Praparaten. Der Kern der Eizelle 
erscheint etwas abgeplattet oder auch eingedriickt (vgl. die Mitose in 
Abb. 911), im ubrigen aber von regelmassiger abgerundeter Form und 
befindet sich im Ruhezustand. Die von Thom abgebildeten, stark ge- 
lappten Eikerne sind entweder keine normalen Kerne mehr, oder es liegt 
ein Fixierungsfehler vor. — Vgl. Kap. VII (Cytology). 

Der B e f r u c h t u n g s v 0 r g a n g ist hauptsachlich bei den Poly- 
podiaceen untersucht worden. Das Spermatozoid dringt, mit seinem Vor- 
derende voran, in die Eizelle ein. Dabei bieiben samtliche Teile ausser 
dem Kern im Cytoplasma zuruck. Nach Shaw (1898) und Yamanou- 
CHi (1908 b) dringt hti Onoclea sensihiUshezw, Dry opt eris dentaia der 
rnannliche Kern ohne Form- und Strukturanderung ^) in den Eikern ein, 
was in den meisten Fallen zutreffen durfte. Dort wird dann die Kern- 
substanz allmahlich aufgelockert, bis kein Unterschied mehr zwischen 
dem Chromatin des Eikerns und dem des Spermatozoids vorhanden 
ist (Fig. 94). Eiiiige neue Nukleolen treten auf. Nach Campbell (1888) 
erfolgt aber bei Pilularia, ebenso nach Rogers (1927) bei Lygodmm 
palmatum vov dem Eindringen des Spermatozoids in den Eikern an der 
Wand desselben eine erhebliche Gestaitsveranderung, indem der Kern sich 
abrundet (Fig. 92, 95). — Beobachtungen von Rogers u.a. liber Poly- 
spermie lassen nicht ausgeschlossen erscheinen, dass gelegentlich Ver- 
schmelzung des Eikerns mit mehr als einem mannlichen Kern eintritt, 
womit vielleicht eine Moglichkeit zur Entstehung polyploider Formen 
gegeben ist. — Als Ausnahmefall sei ferner die einmal beobachtete 
Verschmelzung zwischen Bauchkanalzelle und mannlicher Geschlechtszelle 
erwahnt (bei Selaginella apus (Lyon 1904))^). 

0 Von Dracinsghi als „Randsaum”, von Yuasa als „border- brim” bezeichnet. 

Das gleiche gilt nach Lawton (1932) fiir Woodwardia vifginica; die Antoiin 
bildet in einer Mikrophotographie einen mannlichen, schraubig gewundenen Kern 
(es handelt sich dabei ubrigens um diploide Geschlechtszellen) innerhalb eines 
Eikerns ab. 

3) Bot. Gaz.ST, 1904. 
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Fiir einige Fame ist behaiiptet worden, dass der normale Befruchtungs- 
Yorgang iiicht mehr vorhanden sei, dafiir aber an einer anderen Stelle 
eine Versclimeizung von Kernen in Betracht kame. Farmer mid Digby 
(1907) fanden bei Dryopteris Filix-mas var. pseudo-mas var. polydactyla 
AVills., dass die Prothallien keine Archegonien erzengen, dass aber die Kerne 
benachbarter Prothallienzellen sowolil anf dem mehrschichtigen Teil wie 
in den Fliigeln miteinander versclimelzen konnen, nachdem der eine Kern 
durch eine liierflir an der Wand gebildete Oeffnung in die Nachbarzelle 
eingewandert ist (Fig. 96 a, c). Aehnliche Verhaltnisse beobacliteten sie bei 
Dryopteris Filix-mas var. pseudo-mas Ydo:. polydactylaDdidiAs (Fig. 96 b). 
Die Embry onen bildeten sich aus dem Prothalliumgewebe herans, und 
zwar vermuten Farmer und Digby, dass die Keimpflanzen ihren Ursprung 
iiehmen aus den in der geschilderten Weise diploid gewordenen ProthaF 
liumzellen. Direkt beobachtet haben sie dies jedoch nicht, sondern sie 
vermuten es ledigiich auf Grund ihrer Ghromosomenzahlungen. Der 
Wechsei der Chromosomenzahl wiirde demnach trotz des Fehlens der 
Archegonien der gleiche sein wie bei einem normalen Farn. 

Diesen Modus verglichen die Autoren mit dem „BLACKMANschen Ty- 
pus” bei den Uredineen und bezeichneten ihn als Pseudo-Apogamie. 
Stephens und Sykes (1910) ^) haben in Prothallien von Pteris Droog- 
mantiana Zellen mit zwei Kernen gefunden, die miteinander verschmelzen 
konnen. Die Zweikernigkeit soil hier so zustande kommen, dass die Wand- 
bildung bei der Kernteilung unterbleibt. Ob die auf diese Weise diploid 
gewordenen Zellen nun einen diploiden Sporophyten liefern, gebeii die 
Autoren nicht an. Abgesehen von diesem Befund und abgesehen von den von 
Hayes (1924), Jung (1927)2) und Friebel (1933) beobachteten zweikerni- 

Fig, 85. Equisetum arvense, Sperrnatozoideiitwicklung. a. letzte spermatogene Tei- 
lung mit Blepharoplast, b-d. Entwicklung einer spermatogenen Zelle znm Sperma- 
tozoid; Umgestaltung des Kerns und des Blepharoplasten. Vergr. ca. 1400 X . 
Nach Sharp (1912) aus Sharp- Jaretzky (1931). — Fig. 86-90. Spermatozoiden. 
Fig. 86. Equisetum avvense. Yeigr. ca. 1400 x . Nack Sharp (1912). Fig. 87. Isoetes 
japonica. Vergr. ca. 1 100 X . Nach Yuasa (1933c). Fig. 88. Marsilia quadrifolia. 
Vergr. ca. 1000 x . Nach. Sharp (1914). Fig. 89. Selaginellainvolvens. YQXgT. CQ.. 
2200 X . Nach Yuasa (1933c). Fig, 90. Isoetes lacustre, nach lebendem Material. Bei 
K Kernstruktur sichtbar. Vergr. ca. 1650 X . Nach Dracinschi (1932). — Fig. 91. 
Kernspindel mit Eikern (unten) und Bauchkanalkern von Nach 

Yamanouchi (19086). — Fig. 92. Archegon von Pilulavia globulifera. 3 Kern (der 
kleinere!) dicht am Eikern, Vergr. ca. 220 X. Nach Campbell (1888). ■ — Fig. 93. 
3 Kern im Eikern von Onoclea sensihilis, 14 Stunden nach Wasserung der Kultur. 
Vergr. ca. 900 x . Nach Shaw (1898a). — Fig. 94 a-c. Verschiedene Stadien der Auf- 
lockerungdes 3 Kerns im Eikern von Dryopteris dentata. Nach Yamanouchi 1908 h. — 
Fig. 95. Lygodium palmatum. 3 Kern, abgerundet, am Eikern. Chromatin des 
Eikerns in der Nahe des Spermakerns dicht angehauft, Nach Rogers (1927). — 
Fig. 96 a, c. Dryopteris Eilix-mas var. pseudo-mas var. polydactyla Wills, b var. 
^o/y(:?ac^ 3 //a Dadds. Erklarungim Text. Nach Farmer und Digby 1907. — Fig. 87, 
89-93 umgezeichnet, die ubrigen photogr. Wiedergabe, 


0 Ann. of Bot. 24, 1910. 
^) Diss. Marburg 1927. 
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gen Pr othalliumzellen sind die Angaben von Farmer und Digb y nocli nicht 
bestatigt und aiicli noch keine ahnlichen Vorgange beobaclitet worden, 
obgleicli Prothallien apogamer oder apogam erscheinender Fame wieder- 
hok untersucht worden sind. Ich selbst babe in zahlreiclien untersuchten 
Fallen keinerlei Anzeichen fiir eine Verschmelzung vegetativer Prothai- 
liumkerne finden konnen. Dass Farmer und Digby die Entstebung von 
Embryonen aus den diploid gewordenen Zellen nicht direkt beobachtet 
haben, wurde schon betont. Im iibrigen ware zu sagen, dass manche ihrer 
diesbezuglichen Abbildungen wenig beweisend sind, wahrend andere den 
Eindruck erwecken, ais ob auch Restitutionskerne vorliegen konnten. 

Auch ware zu erwagen, ob nicht z.T. Artefakte, durch die Praparather- 
steilung bedingt, in Frage kommen diirften. Es muss daher eine Nacb- 
priifung dieser Verhaltnisse vorgenommen werden. — Eine ganz andere 
Moglichkeit zur Erreichung des diploiden Zustandes wird von R. F. Allen 
(1911) fiir angegeben. Die Sporophyten entwickeln 

sicb apogam an den baploiden Prothallien und sind selbst auch haploid. 

Erst in den Sporangien erfolgt nach R. F. Allen ein Sexualvorgang, indem 
die 16 Zellen des sporogenen Zellkomplexes sich paarweise unter Kernver- 
schmelzung zu 8 Zellen vereinigen, die nach Reduktionsteilung die Sporen 
liefern. Nach den Erfahrungen Friebels (1933), der bei Sporenmutter- 
zellen von Polyboirya cervina eine Plasmaverschmelzung und darauf er- ; 

folgende Fusion der Teilungsspindeln beobachtete, sind von vornherein 
solche Verschmelzungsvorgange bei Sporenmutterzellen nicht ausgeschlos- 
sen ; es ist j edoch zu untersuchen, ob nicht auch hier ebenso wie bei Dry- 
ofteris hirtipes (Steil 1919) und D. remota some Dryopteris Filix- 
mas. var. cristata (Dopp 1932, 1933) Restitutionskernbildung vorliegt. 

Auch Miss Steil (1915) hatte ja urspriingiich angenommen, dass in den 
Sporangien von D. Mrtipes Zell- und Kern verschmelzung entsprechend den 
Angaben Allens stattfande; sie kam j edoch in ihrer spateren Arbeit zu 
anderen Ergebnissen (§8). 

§ 8. Abweichungen vom normalen Kernteiiungsmodus. — 

Wichtigste Literatur: Bartoo (1929), Dopp (1932, 1933), Frie- 

BEL (1933), Graustein (1930), Hannig (191 1). — Abweichungen gegen- 
uber dem normalen Verhalten bei der gewohnlichen Mitose sowie bei 
den Reifeteilungen sind bei den Pteridophyten, besonders bei den Poly- 
podiaceen, sehr haufig, teils als fur die Sporenbildung wesentliche Er- 
scheinung im Sporangium bestimmter Arten oder Varietaten {Dryopteris 
Mrtipes u.a. ; vgl. unten), bei anderen Arte^ als Ausnahmefall oder auch 
als haufigere Abnormitat wahrend der Reifeteilungen bei sonst normalen 
Verhalten, oder schliesslich als regelmassig auftretender Vorgang an 
solchen Stellen, denen fiir die Fortpflanzung keinerlei Bedeutung zu- 
kommt (z.B. in der Tapete) . In verschiedenen Fallen ist eine experiment elle 
Beeinflussung der gewohnlichen und der allotypischen Mitosen gelungen. : 
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Eine wiclitige Rolle spi elt die R e s t i t u t i o n s k e r n b i 1 d u n g, 
die bei bestimmteii, apogamen Vertretern im sporogenen Gewebe auf 
dem 8-Zellstadium auftritt. Zuiiachst von Steil (1919) bei Dryopteris 
Mrtipes untersucht, wurde sie naher analysiert von Dopp (1932) bei Dry o- 
pkfis rmo^^?: und ausserdem bei Dryopteris Filix-mas var. crist, hort. fest- 
gestelit (Dopp 1933). Sie tritt ferner nach meinen Beobachtungen noch bei 
einer ganzen i^nzahl anderer apogamer Polypodiaceen auf. Wahrend die 
Mitose im 8-zelligen Archespor (als Chromosomenzahl sei 2ii angenommeii) 
auf dem Stadium der Prophase und der Metaphase noch ein durchaus 
normales Aussehen besitzt, zeigen in der darauffolgenden Anaphase die 
Chromosomen ein abweichendes Verhalten. Die Spalthalften wandern 
iiicht nach den Spindeipolen auseinander, sondern bleiben im allgemeinen 
paarweise in paralleler Anordnung nebeneinander liegen und bilden einen 
oft sehr unregelmassig gestalt eten Knauel, aus dem nur ein einziger Kern 
mit 4n Chromosomen. hervorgeht (Fig. 97, 98). Es entstehen auf diese 
Weise Kerne von meistens sehr abweichender Gestalt (Fig. 98). Sehr haufig 
sind Hantel- und Nierenform. Zusammen mit diesem Vorgang erfolgt ,,un- 
volistandige Zellteilung'’ mit nur stellen weise ausgebildeten Wanden (Fig. 
98). Die Restitutionskerne in den 8 nunmehr als Sporenmutterzellen auf- 
zufassenden Archesporzelien verhalten sich wie die Sporenmutterzellkerne 
bei normalen Arten; die einzelnen Stadien der Reduktionsteilung sowie 
die zweite Reifeteilung werden in der gewohnlichen Weise durchlaufen, 
sodass die Sporen wiederum 2n Chromosomen entlialten. Bei der apo- 
gamen Entstehung des Sporophyten aus dem Garnet ophy ten findet da- 
gegen keine Aenderung in der Chromosomenzahl statt. Es hat sich bei 
einigen der genannten Arten gezeigt — das gleiche gilt sicherlich auch in 
anderen Fallen — dass die Restitutionskernbildung von entscheidender 
Bedeutung fur die Erzeugung keimfahiger Sporen ist; denn solche Spo- 
rangien von Dryopteris remota z.B., die anstelle der Restitutionskern- 
bildimg eine gewohnliche Teilung ausfiihren, wobei 1 6 Sporen niutterzellen^) 
entstehen, liefern nur seer ile Sporen. — Es ist aus verschiedenen Griinden 
sehr wahrscheinlich, dass die Konjugationspartner im Zygotan-, Pachy- 
tan- und Diakinese-Stadium die beiden vorher gebildeten Tochterchro- 
mosomen darstellen, die ja nicht auf zwei Kerne verteilt wurden, sondern 
in den gleichen Kern, namlich den Restitutionskern, hineingelangen. 
Findet anstelle der Restitutionskernbildung die Teilung in der gewohn- 
iichen Weise statt, so erfolgt so gut wie keine Geminibildung. — Wahrend 
der Entwicklung zur Diakinese nimmt der Kern tibrigens wieder normale 
Gestalt an, und die unvollstandigen Wandstiicke verschwinden. 

Restitutionskernbildung verbunden mit unvollstandiger Zellteilung 
kann ferner stattfinden bei der 1 . oder 2. Reifeteilung (Fig. 1 00, 1 03) ; sie 


0 Ich benutze die Terminologie von Winkler. (1908). 

‘0 Dies ist bei geschlechtlichen F'ormen die Normalzahl. 
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diirite iiierbei Aiilass geben zur Entstehung von in Form und Ciiromo- 
somenzalii abweichenden Sporen, die in Triaden oder Dyaden angeordnet 
sind. Solclie abweichenden Teilungen und Sporentypen sind bei den ge- 
naniiten apogamen Formen und bei der apogamen Selaginella mfesiris 
(Graustein 1930; Fig. 113), bei gewissen Varietaten (Fig. 100), aber 
auch bei vermutiichen Bast ar den [Poly podium Schneiden (Farmer und , 

Digby 1910) und Polybotrya cervina (Friebel 1933)) und sogar bei gc- 
wohniichen Arten mit normaler geschlechtlicher Fortpflanzung (Po/y- 
podiiim vulgar e (Farmer und Digby 1910), Aneimia Phyllitidis (Fig. 112b, 
c) und Onoclea sensiUUs (Friebel (1933)) anzutreffen. Die in seltenen 
Fallen vorhandenen grossen kugeligen Sporen, die in Einzahi aus einer 
Sporenmutterzelle entstehen, sind wohl z.T. auch hierher zu rechnen; 
andererseits konnten sie auch durch Kernteilung ohne Wandbildung ent- 
standen sein. ; 

Sehr unregelmassige Teilungsvorgange beobachtete Steil (1935) in 
der Tapete von Botrychium virginianum und Ophioglossum vulgaPum. 

Hier entstehen durch wiederholte Restitutionskernbiidung grosse, poly- 
ploide Kerne von abweichender Form (Fig. 101). 

Restitutionskernbiidung lasst sich auch experiment ell durch Anwendung ; 

geeeigneter Methoden erzielen und zwar durch Kalte (Dopp, noch un- ? 

veroffentlich; vgl. § 9 und Fig. 120) sowie durch Einwirkung von Chlo^ | 

reform und Rontgenstrahlen auf Sporangien (Fig. 1 15, 1 16). j 

Fine weitere Abweichung besteht in der Bildung von K e r n e n m i t | 

g e r i n g e r e r C h r o m o s o m e n z a h 1. Bei Dryopteris remota : 

VLrLdD.Filix-mas var. crist. hort . kann ansteile der Restitutionskernbiidung ; 

eine Teilung in Tochterkerne und -zellen (Sporenmutterzelleii) erfolgen, 
die aber von einer gewohnlichen Mitose sehr stark abweicht. Es erfolgt 
wohl eine Trennung der Chromosomen in zwei Gruppen; dabei wandern 
aber die Spalthalften eines Chromosoms nicht zu den beiden Poien hin 
auseinander, sondern sie gelangen beide in den gleichen Kern. Die Ver- 
teilung geschieht ganz unregelmassig, sodass der eine Tochterkern dabei 
fast stets mehr Ghromosomen erhalt und daher grosser ist als der andere 
(Fig. 99). Beispielsweise entstehen h^i Dryopteris remota aus einer der 
8 Archesporzellen zwei Sporenmutterzellen mit 2 x 50 und 2 X 80 Chromo- 
somen anstatt einer Sporenmutterzelle mit 2 X 130 Chromosomen. Haufig 
degeneriert der kleinere Kern und die kleinere Zelle (Fig. 99 rechts); in 
vielen Fallen erfolgt dagegen durchaus normale Reduktionsteilung und 
Sporenbildung. Die so gebildeten Sporen scheinen nach meinen Beobach- 
tungen auch keimfahig zu sein, jedoch ist sicheres noch, nicht festgestellt. 

Ebenso wie bei der Restitutionskernbiidung konjugieren offenbar die 
vorher gebildeten Spalthalften eines jeden Chromosoms paarweise mit- 
einander. Trennen sich nur wenige Chromosomen von der Hauptmasse ab, 
so entsteht ein Zwergkern, der aber, ohne dass er durch eine Wand ab- 
getrennt wiirde, resorbiert wird. In diesem Fall entsteht nur eine Spo- 
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renmutterzelle, die natiirlich eine geringere Chromosomenzahl haben muss. 

A b t r e n n u n g von C li r o ni o s o men von der Hauptmasse 
sowie als liaufige Folgeerscheinung Bildung von Z w e r g k e r n e n, oft 
in grosser Zahl, kann ferner eintreten wahrend der 1. und 2. Reifeteilung 
und zwar s p o n t a n (Fig. 100, 102) wie auch (Friebel 1933) nach e x - 
p e r i m e n t e 1 1 e r B e e i n f 1 u s s u n g (Fig. 108, 114-1 17). Der erste 
Fall ist verwirklicht bei apogamen Farnen wie auch bei solchen, die als 
Bastarde ocYien weidtu [Poly podium Schneider i, Farmer und 

Digby 1910; Fig. 102), aber schliesslich auch bei gewissen Varietaten 
(Fig. 100) und ganz normalen Formen {P oly podium vulgar e. Farmer und 
Digby 1910). Nach Einwirkung von Narkotika und Behandlung mit 
Rontgenstrahlen entstandene Zwergkerne zeigen die Fig. 108 (Sporen von 
Matteuccia orientalis, nach Atherbehandlung entstanden (Friebel 1933)) 
und 114 (Sporen von nach Einwirkung von Rontgen- 

strahlen entstanden; Orig. ). 

Auf Kernteilung ohne Wandbildung bei der Sporogenese sind die in 
Fig. 1 09 und 1 1 2 dargestellten m e h r k e r n i g e n Sporen zuriick- 
zufiihren. Diese Mehrkernigkeit kann nach Friebels Untersuchungen 
(1933) spontan (Fig. 112 a Aneimia Phyllitidis] Fig. 112 d Onoclea 
sensibilis) wie auch nach Aetherbehandlung (Fig. 1 09, Riesensporen von 
Matteuccia omn/afe) auftreten. 

Es konnen also in verschiedener Weise h e t e r o p 1 o i d e Sporen 
entstehen. Friebel hat aus solchen von Aneimia Phyllitidis und Onoclea 
sensibilis abnorme Prothallien erhalten; diese lieferten Sporophyten, die 
von normalen Pflanzchen wesentlich verschieden waren (§ 9). Sonst wissen 
wir bisher fiber die Keimung dieser Sporen leider so gut wie nichts. Ich 
glaube aber, trotzdem sagen zu konnen, dass die bei den Polyfodiaceae 
haufig gegebene Moglichkeit der Entstehung polyploider sowie aneu- 
ploider Sporen wahrend der Reifeteilungen sicheiiich von grosser gene- 
tischer Bedeutung ist. 

An weiteren Abweichungen, die in Sporangien vorkommen konnen, 
waren u.a. zu nennen: 

1 . Bildung von Sporenmutterzellen hei Polypodiaceae schon nach dem 3. 

Teilungsschritt (normalerweise erfolgt diese erst nach dem 4.). Beispiel: 
Polybotrya nach Friebel (1933). 

2. Das Vorkommen verschiedener Kernteilungsphasen in den Sporen- 
mutterzellen des gleichen Sporangiums, wahrend sonst die Sporenmutter- 
zellen sich genau auf dem gleichen Stadium befinden. Bei apogamen For- 
men (eigene Beobachtung) sowie bei Polybotrya cervina (Friebel 1933). 

3. Kernteilung ohne Wandbildung im Archespor fiihrt zur Bildung 
grosser vielkerniger Sporenmutterzellen (Bartoo 1929; Schizaea rupestris). 

4. Verschmelzung der Plasnien der sporogenen Zellen, besonders haulig 
vom 1 . ■ — 3. Teilungsschritt, beobachtet von Friebel (1933) bei Polybotrya 
cervina (spontan) sowie bei Matteuccia orientalis nach Atherbehandlung 
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I^iG. 97. Restitutionskernbildung bei D. Vergr. ca. 1650 X. 

Aus Dopp (1932). — Fig. 98. Sporenmutterzelle mit Restitutions- 
kern nnd unvollstandigen Wandstiicken von JO. remota. Vergr. ca. 
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(Fig. 106). Die Zahl der Kerne in einem gemeinsamen Plasma kann ver- 
schieden sein; im Hochstfall sind es 16. 

5. Bei Polybotrya konnen nach Friebel (1933) die in ein gemeinsames 
Plasma eingesclilossenen Kerne wahrend der Teilungsstadien miteinander 
versclimelzeii ; es entstehen dabei also Verschmelzungsprodukte von 2-16 
Sporenmutterzellkernen. Auf diese Weise kdnnen Diakinesekerne niit 600 
und melir (Link imd bivalent en) Chromosomen entstehen. Nach der 1. 
Reifeteilung wurden Ruhekerne gebildet, die keine Weiterentwicklung 
melir erfuhren. Vielleicht ist auch der grosse Kern der in Fig. 107 b ab- 
gebildeten Sporenmiitterzelle von Matieucia Stmt hiopteris, die nach KNOg- 
Injection allein in einem Sporangium auftrat, auf eine solche Ver- 
schmelzung zuriickzufuhren (Fig. 107a zeigt normale Sporenmutterzel- 
len zum Vergleich). 

6. Nichtpaarung von Chromosomen (Fig. 105) wurde beobachtet 

bei Polypodium Schneiden — P. atireum x P. vulgare var. elegantissimum 
(Farmer und Digby \9\0) , hei Dryopteris remota — P. Filix-mas x D. 
spinulosa (Dopp 1932) und zwar nur in denjenigen Sporenmutterzeil-- 
kernen, die nicht durch Restitutionskernbildung, sondern durch eine 
gewohnliche Teilung in i6-Zahl im Sporangium entstanden sind, bei A. 
germmicum^A. Trichomanes x septentrionale {Dovv , rioch. nicht veroffent- 
iicht) und schliesslich bei Polybotrya (Friebel 1933). Es handelt 

sich dabei also um For men, die auf Grund ihrer morphologischen Eigen- 
schaften mit mehr oder weniger grosser Wahrscheinlichkeit als Bastarde 


500 X . Aus Dopp (1932). — P'ig. 99. Je zwei durch unregelmassige Teilung ent- 
standene, ungleicli grosse Sporenmutterzellen von D. remota. Rechts Degeneration 
des Kerns der kleineren Zelle. Vergr. ca. 500 x . Aus D6pp ( 1932). — Fig. 100. Sporen- 
mutterzelle von Polypodium vulgare var. elegantissimum mit Restitutionskern 
(Restitutionskernbildung ist anstelle der heterotypischen Teilung erfolgt). Im 
Cytoplasma Chromatin. Vergr. ca. 1200 X. Nach Farmer u. Digby (1910). — 
Fig. 101. Restitutionskern aus der Tapete von virginianiim. 

Steil (1935). - — Fig. 102. Homoeotypische Teilung von Polypodium Schneideri 
mit vereinzelt bleibenden Chromosomen und Chromatin im Cytoplasma. V'ergr. 
ca. 1200 X . Hach Farmer und Digby (1910). Fig. 103. Junge Sporen yon 
Dryoptevis Mrtipes. Rechts anstelle zweier Kerne ein Restitutionskern. Vergr. ca. 
1150 X . Kach Steil (1919) . — Fig. 104. Dryopteris Mrtipes. Zwei Teilungen in einer 
Sporenmiitterzelle, die offenbar zur Bildung von 5 Sporen flihren warden. Vergr. 
ca. 1150 X . Nach Steil (1919). — Fig. XOS. Polypodium Schneideri. Heteroty- 
pische Spindel. Bivalente und univalente (die kleineren!) Chromosomen. Vergr, ca. 
1200. Nach Farmer und Digby ( 1910). — Fig. 106-1 12. Abnormitaten in Sporan- 
gien. Nach Friebel (1933). Erklarung im Text. 106 Vergr. ca. 250 X, 107 Vergr. 
ca. 200 X, 108 Vergr. ca. 600 X, 109 Vergr. ca, 250 X , 110 Vergr. ca. 600 X , 
111 Vergr. ca. 600 X, 112 a-r Vergr. ca. 120 X. 112 Vergr. ca. 300 x . — 
Fig. 113, Makrosporendvade von Selaginella Nach Graustein 1930. — 

Fig. 114-117. Abnormitaten nach Behandlung mit Rontgenstrahlen (1 14, 1 15, 
117) und Chloroform (116). Vergr. ca. 1350 X. 1 14 Schnitt durch Tetradelnur 2 
Sporen getroffen) mit zahlreichen Kleinkernen ausser den beiden grossen Kernen. 
115 Dyade mit Restitutionskernen und einigen kleinen Kernen. 116. Anstelle 
der heterotypischen Teilung ist Restitutionskernbildung erfolgt. 117. Mehrere 
isolierte Chromosomengruppen (Telophase der heterotypischen Teilung). 97-99, 
114-117 Grig.,, 102-105 photogr. Wiedergaben, die ubrigen Fig. umgezeicbnet. 
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angesehen wercleii. Das Auf tret en von Asyiidese wiirde fiir den Hybriden- 
charakter der betreffenden Pflanzen sprechen. Stets kommen jedocli in 
den Diakinesekernen univalente Chromosomen nicht ausschliesslicli vor, 
sondern mit bivalent en zusamnaen. Auffallig ist die zusammen mit der 
Asyndese auftretende Sterilitat der Sporen; von den genamiten Forinen 
werdeii namlich Schneiden, Asplenium germammm nrid 

Polybotrya als steril angegeben. Bei Dryopteris remota sind die aus den 
Asyndese zeigenden Sporenmutterzellen entstandenen Sporen vollkom- 
men steril, wahrend die nach Restitutionskernbildung auftretenden Spo- 
ren gut e Keimfahigkeit zeigen. 

7. Drei- und mehrpolige Spindeln. Beispiel; Tetraploide Gartenrasse von 
Psilotmn triquetrum (Okabe 1929) in der Metaphase der ersten Reife- 
teiluiig; Spindeln mit drei und mehr Polen von Steil (1935) in der Tapete 
eusporangiater Fame [Botrychium, Ophioglossum) beobachtet. 

8. Bildung von mehr als 4 Sporen aus einer Sporenmutterzeile (Steil 
1919, Okabe 1929, Friebel 1933). (Das Vorkommen von Dyaden oder 
Triaden ist schon friiher erwahnt.) Vgl. Fig. 104. 

9. Bei Botrychium und Ophioglossum entstehen nach Steil (1935) in der 
Tapete 2- und 4-kernige Zellen infolge einer nicht geniigenden Entwick- 
lung der Spindel oder einer Auflosung derselben oder der schon gebildeten 
Zellplatte. 

10. Die verschiedentlich fiir die Tapete angegebene ,,Amitose'’ {Hehnin- 
thostachys zeylanica, Beer 1906; Equisetum, Hannig 1911) diirfte wohl in 
vielen Fallen in Wirklichkeit Restitutionskernbildung sein (vgl. Steil 
1935). 

Aus dem Gesagten geht hervor, dass einige als Art bast arde angesehene 
Fame besondere cytologische Verhaltnisse zeigen (vgl, auch Graustein 
1930). Da jedoch cytologische Untersuchungen an kiinstlich erzeugten 
Artbastarden noch nicht vorgenommen worden sind, einfach aus dem 
Griinde, well solche Bastarde bisher kaum hergestellt, geschweige denn 
bis zur Bildung von Sporangien gebracht werden konnten, so lasst sich 
sicheres iiber die infolge von Bastardierung auftretenden cytologischen 
Veranderungen nicht aussagen; ausserdem ist ja auch zu bedenken, dass 
zaiilreiche der genannten Abweichungen bei Nichtbastarden vorkommen. 

Einer Nachpriifung bediirfen die Angaben von Graustein (1930) iiber 
Selaginella (,,the contents of the nucleus pass out into the cytoplasm’"; 
,,the nucleus is divided without chromosome formation”. 

Ausserhalb der Sporangien scheinen Abweichungen seltener zu sein. 
Es seien an dieser Steiie genannt die von Jung (1927) ^) in Prothallien von 
Polystichum Braunii beobachteten Zellen mit Doppelkernen (es handelt 
sich dabei offenbar um Kernteilung ohne Wandbiidung; diese Prothallien 
trugen iibrigens z.T. Spaltoffnungen!) und die 2-kernigen Zellen in gewissen 


0 Biss. Marburg 1927. 
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(vermutlicli lieteroploiden) Prothallien von Onoclea sensibilis (Friebel 
1933). Im ubrigen vgl. noch das auf S. 243 u. 244 Gesagte. 

§9. Polypioidie und Aneuploidie. — Wichtigste Literatur: Dopp 
(1932), Farmer u. Digby (1907), Friebel (1933), Heilbronn (1928, 
1932, 1933). Lawton (1932), Manton (1932), Okabe (1929). — Die Unter- 
suchimgen der letzten Jahrzelinte^) liaben gezeigt, dass Polypioidie unter 
den Angiospermen in der Natur eine verbreitete Erscheinung ist. Audi bei 
den Pteridophyten ist sie anzutreffen. Ausserdem ist es bei letzteren in 
mebreren Fallen gegllickt, Polypioidie experiment ell hervorzurufen. Sie 
tritt naturgemass sowohl im Gametophyten wie im Sporopliyten in Er- 
sdieiiumg. 

Tab. 5 (Cf. unten) 



Haploidzahl 



Pteris cretica 

ca. 30 


DE Litardiere 1921 


ca. 60 


DE LiTARDitiRE 1921 

var. Ouvvavdii 

Pteris tremula 

32 


Gregory 1904 


60-65 


Calkins 1897 


ca. 95 


DE Litardiere 1921 

Poly podium aureum 

16 


Heilbronn 1928 


34-36 

( 

Farmer und Digby 1910, de Li- 
tardi^re 1921 

■ „ ' „ 

76 


Friebel 1933 

Marsilia quadrifolia 

16 

( 

Strasburger 1907, de Litar- 
diere 1921 


50-70 


Gustafson 1935/36®) 

Mars ilia D rum m ond H 

im Gametophyten 
und Sporophyten 


Strasburger 1907 


32 



»■ .. ' n' 

ca. 105 


Gustafson 1935/36®) 

Salvinia natans 

4 


Arnoldi 1910 

' )> ■ !) 

8 


Kundt 1911, Yasui 1911 

' >J .J " 

8 


DE LitardiLre 1928 


ca. 15 


Heitz 1926 


ca. 24 


DE LitardiLre 1921 

Salvini a auvimilaia 

15 


Heitz 1926 

' » ^ ' >s 

32 


DE Litardiere 1921 

Psilotuni triq ueivuni 

’ 52 


Okabe 1929 u.a. 

„ „ , Varietat 104 


Okabe 1929 

EquisePuni arvense 

ca. 1 4 — 15 


Lenoir 1926 


ca. 29 


Lenoir 1922 


ca. 115 


Beer 1913 

Equisetum. U mosum 

12 


Steinecke 1932 

,, ■ : ■■■ ,, 

ca. 45-50 


V. Boenicke 1911 


b Vgl. insbesondere die Zusammenstellung von Tischler (Bot. Jahrb. 67, 1934, 

1 fi). 

“) Die auf S. 235 ff. niclit aufgefiihrten Literaturangaben sind in den Tabulae 
biologicae, Bd. IV, VII u. XI zu finden, 

^) Plereditas 21, 1935/36, S. 56 ff. 
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Tab. 6 (Cf. unten) 


.-] diantiim capillMs-Veneris 

ca. 31 bezw. 32 

/ DE Litardiere 1921, 'Reixhold 
V 1926 

„ cuneatum 

ca. 60 

de Litardiere 1921 

Polyp odi uni aure um 

16, 34-36, 76 

vgl. Tab. 5 

„ vulgafe 

ca. 90 

Farmer und Dig by 1910 

A neinviu fotundifoUa 

38 

1 Friebel 1933 

„ Phyllitidis 

76 

„ obliqua 

76 

J 

Salvinia naians 

4, 8, 15, 24 

1 Vgl. Tab. 5 

„ auvic'ulata 

15, 32 


Selaginella Emmeliana 

8 

j. Denke 1902 

„ serpens 

8 

Al'ogelii 

8 

1 

„ Ouvrardii 

10-11 

1 I-lEiTZ 1926 

„ Martensii 

26-28 



(' Rosen 1896 

Psilotum triquetrum 

48 

< Guignard 1898 
\ Okabe 1909 

T mesipteris iannensis 

ca. 100 

Yeates 1925 

Isoetes echinospora 

11 

Ekstrand 1920 

„ asiatica 

11 

Takamine 1921 

„ japonica 

ca. 22 

„ japonica 

33 

Y^uasa 1934 

Equisetum arvense 

ca. 29 

Lenoir 1922 

ca. 14-15 

Lenoir 1926 

„ limosum 

ca. 45-50 

V. Boenicke 1911 


12 

Steinecke 1932 

,, arvense 

ca. 115 

Beer 1913 

Spontanauftr 

etende Po 

1 y p 1 0 i d i e . Die hohen Chro- 

mosomenzahlen vieler Pteridophyten legen die Vermutung nahe, dass sie 
polyploiden Gharakter haben. Bisher liegen dafiir aber nur wenige sichere 

Anhaltspunkte vor. 



Auf einige Falle, die 

— vorausgesetzt, dass die Zahlungen stimmen — 

durch Vervielfaltigung der urspriinglich vorhandenen Chromosomenzahl 
entstanden sein durften, hat schon de Litardiere (1921 ) hingewiesen (Tab. 

5) , namlich auf die von 

Pteris cretica und der Varietilt Ouvrardii, die er 

fiir eine tetraploide Rasse von Pteris cretica halt, ferner von Pteris trenmla 
nxid Salvinia naians, Morphologisch verschiedene Rassen von Salvinia 


sind allerdings noch niclit beschrieben. In Tab. 5 sind noch einige 
weitere Verschiedenheiten in den Zahlungsergebnissen fiir die gleiche Art 
angegeben, Aehnliche Beziehungen wie die eben genannten liegen viel- 
ieicht anch innerhalb einer Gattung fiir verschiedene Spezies oder gar 
flir verschiedene Gattungen vor. Die hierfiir in Frage komnienden Arten 
sind mit ihren Chromosomenzahlen in Tab. 6 zusammengestellt ^). Be- 
ziigUch Selagindla nimmt Heitz (1926) an, dass bei S. Martensii ein Multi- 
plum von 8 vorliege, und dass dabei moglicherweise nicht eine Vermeli- 


Vgi. hierzu die Zusammenstellungen bei Tischler (1921-22), S. 609 und 611. 
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rung des Geiioms, sondern ein Chromosomenzerfall durch Ouerteiliing 
eingetreten sei, da sich S. Martensii im Gegensatz zu den 1 6-chromoso- 
migcn (2 11 = 16) Arten, die lange, stabclienfdrmige Chromosomen be- 
sitzen, durch sehr kurze, beinahe kugelige Chromosomen auszeichnet. 
Ahnliches vermutet de Litardiere (1928) beziiglich natans. 

Im Sporenmaterial eines jeden Fames finden sich u n r e g e 1 m ass i g 
ges t alt e t e, sowie in der G r o s s e abweichende Spor en. 
Als Ursache kommen gewisse Unregelmassigkeiten bei den Reifeteilungen 
in Betracht (§ 8). Hierin liegt zweifellos eine Moglichkeit zur Gewinnung 
polyploider Formen. Friebel (1933) fand bei Aneimia Phyllitidis (Fig. 
112a--c) spontan aufgetretene, z.T. 2-kernige Sporen, die ihrer Grosse 
nach sehr wahrscheiniich als polyploid anzusehen sind, wenn er auch 
keine Zahlung vorgenommen hat. Diese Grossporen zeigten bei Ein- 
zelkultur schnellere Keimung, und die aus ihnen hervorgegangenen Pro- 
thallien zeichneten sich durch schnelleres Wachstum und grdssere Zell- 
dimensionen aus. An gewissen, offenbar aus 2-kernigen Sporen hervor- 
gegangenen Prothallien von Onoolea sensibilis wurden in der Nahe der 
Meristembucht 2-kernige Zellen und in den ,,Fiugeln'' grosse, amoboide 
Kerne festgestellt. Auch Spor ophy ten, die vermutlich polyploid sind, 
wurden erhalten. 

Experiment ell erzeugte Polyplo idie. Fur die 
experimenteile Erzeugung von polyploiden Formen bestehen, ebenso 
wie bei den Laubmoosen, 3 Moglichkeiten : 1 . x\pospore Erzeugung eines 
Gametophyten aus diploiden Zellen des Sporoph^den (vegetative Blatt- 
zellen oder Zellen der Sporangienwand), wobei die entstehenden Pro- 
thallien diploid sind (Farmer und .Digby 1907, Heilbronn 1928, 
1932, Lawton 1932, Manton 1932). Bedurfen die so entstandenen Pro- 
thallien zur Erzeugung eines Sporophyten der Befruchtung, so entstehen 
auf diese Weise 3n- und 4n-Pflanzen. 2. Beeinflussung der Reifeteilungen in 
der Weise, dass mehrkernige oder einkernige, jedenfalls aber Sporen 
mit hdherer Chromosomenzahl gebildet werden (Friebel 1933). 3. Be- 
einflussung der Kernteilung in Prothallien (Dopp, noch unveroffentlicht) , 

Was die erste Moglichkeit betrifft, so liegen die erst en genaueren cyto- 
logischen Untersuchungen liber diploide Prothallien vor von Farmer 
und Digby (1907) an Varietaten von Athyrmm Filix-femina, die sich clurch 
apospore Entstehung der Prothallien, verbunden mit Sterilitat der Spo- 
rangien, auszeichnen, sowde an Varietaten einiger anderer Fame. Die 
Prothallien besitzen nach den Untersuchungen dieser Autoren die gleiche 
Zahl von Chromosomen wie der Spor ophyt. Farmer und Digby stellten 
an diesen Prothallien, die gegegeniiber denen der Normalforni als diploid 
oder annahernd diploid anzusehen sind, an den Kernen derselben und an 
den Spermatozoiden grossere Dimensionen fest als an den gewohnlichen, 
aus Sporen entstehenden Frothsllien yon Athyrium Filix-f^^ die be- 
trachtlich weniger Chromosomen besitzen (Tab. 1). Da sich die aposporen 
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Protliallicn als apogam oder parthenogenetiscli erwiesen, war es nicht 
moglicli, polyploide Sporophyten zu erhalten. Dies gelang jedoch Heil- 
BRONN (1928) niit Polypodiufyi auveum und danach Manton (1932) init 
Os 77 iundaregaHs (Fig. 118) und Lawton (1932) mit Dryopteris marginaUs 
und Woodwardia virginica (Fig, 119), Die ebenfaiis apospor erzeugten 
Prothallien dieser Fame lieferten nur dann eine Keimpflanze,wenn Befruch- 

tung eingetreten war. Aiif 
diese Weise erhielten die 
Atitoren 4 n -Sporopliy- 
ten, aus denen durch Aus- 
legen von Primarblattern 
Oder Biattstiicken auf ge- 
eignetes Substrat wieder 
Prothallien gewonnen 
werden konnten, die 
sicherlich — Zahlungen 
sind an ihnen (abgesehen 
von Heilbronn) aller- 
dings nicht gemacht wor- 
den — auch 4 n Chro- 
mosomen besitzen. Aus- 
Eerdem . ■ orhi.elt M anto.n'; ■ 
und allem Anschein nach 
auch Lawton Sporophy- 
ten mit dem 3-fachen 
Chromosomensatz. Spo- 


Q 

b 

A 


Hr 


c 





m 


116 









Fig, 1 18. Osmundaregalis. Aequatorialplatte einer 
gewohnlichen Pflanze (44Chromosomen),&. auseinem 
apospor erzeugten Protiiallium (44 Cliromosomen), 

€. aus einer tetraploiden (88 Chromosomen), d. aus 
einer triploiden Pflanze (66 Ghromosomen). Vergr. 
ca. 500 X . I^liotogr. Wiedergabe.Nach Manton (1932). 

— PYg, 119, Woodwardia virginica. a. 'Pla.tte a.us einem rophyteil VOll Woodwar- 
haploiden, aus einem apospor entstandenen diploi- vir^imca die wahr- 

den Gametophy ten. Umgezeichnet. Nach Lawton ° 

(1932). — Fig. 1 20-- 12 J . Dryopteris FiUx-mas var . 

.cyist. hort. (Orig.). 120 a. Kern eines gewohnlichen 
Prothalliums, 120& durch, Kaltewirkung erzeugter 
Restitutionskerii eines jungen Prothalliums. Vergr. 
ca. 400 X. 121 a. Platte (Wurzelspitze) einer ge- 
wohnlichen Pflanze (82 Chromosomen), 121 F. Platte 
(Wurzelspitze) einer durch Kaltewirkung erzeugten 
Pflanze mit doppelter Chromosomenzahl ( 173 Ghr.) . 

Vergr. ca. 1250 X . 


scheinlich triploid sind, 
traten in den Versuchen 
von Lawton als Kreu- 
zungsergebnis zwischen 
n- und 2 n- Prothallien 
auf. Durch Verschmel- 
zung von 2 n- mit n-Ga- 


meten sind sicherlich auch 
die beiden triploiden Pflanzen von Osnvunda regaMs entstanden, die Miss 
Manton anfiihrt, wenn sie auch naheres liber deren Entstehung nicht 
angeben kann. 

Die Tab. 7 gibt einen Ueberblick iiber die polyploiden Gametophyten 
und Sporophyten, die Heilbronn, Manton und Lawton erhielten, mit 
den von diesen Autoren festgestellteii Chromosomenzahlen. 


) Vgi, Anm. 1 a.S. 269. 
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Tab. 7 



Gametophyten | 






aus 

durch Aposporie 


Sporophyten 


Sporen 

entstanden 






n ^ 1 

2n 

An 

i 2n 1 

i 2>n , 

An ■ 

Polyp odium aureum ' 

(Heilbronn 1928, 

1932) 

Osmunda vegalis 

16 

32 

60-70 




56-6S 

(Manton 1932). . . 
Dryopteris i 

• . 

44 


44 


66 

88 

marginalis 

(Lawton 1932). . , 
Woodwardia virginica 

ca. 36 

ca. 65 

i 





120-130 

(Lawton 1932). . . 

ca. 32 

57-64 


59-« 

65 


123-130 


Die hochste erreichte Zahl ist in den genannten Fallen also 4 n. Ok- 
toploidie ist bisher nur in e i n e m Fall erzielt worden. 

Fine genauere cytologische Untersuchung der Reifeteilungen der poly- 
ploiden Sporophyten liegt noch nicht vor. Okabe (1929) bildet eine Me- 
taphaseplatte der 1. Reifeteilung mit 104 Gemini ab; im iibrigen treten 
charakteristische x\bnormitaten auf (dreipolige Spindeln ; Bildung von 
5, 6, 7 nsw. anstatt 4 Sporenkernen). Ferner macht Heilbronn (1932) 
einige Angaben, aus denen hervorgeht, dass die tetraploide Pflanze von 
Polypodium aureum Sporen erzeugt, die, zu 90 % keimfahig, allem An- 
schein nach diploide Prothallien liefern. 

Tab. 8. (Nach Lawton (1932)) 


Dryopteris marginalis (Material von Long Island, N.Y.) 



Gametophyt 

Sporophyt 


Flache der Pro- 

Zunahme in % 

Flache der unte- 

Zunahme m % 


thalliumzellen in 

gegeniiber dem 

ren Epidermis- 

gegeniiber dem 


(Mittelwert) 

ri- Gametophyt 

zellen in 

2w- Sporophyten 

n 

5900 




2n 

7900 

34 

3952 


An 

19200 

i 

6916 

75 ■ 


Heilbronn und Lawton (Tab. 8) haben die Grossenverhaltnisse der poly- 
ploiden Gametophyten und Sporophyten studiert. Wahrend Heilbronn 
(1928) bei den diploiden Pr ot halliumzellen von Polyp odium aureum: eine 
Flachenvergrosserungim Verhaltnis2 : 1 odergarO : 1 erhielt, f and Lawton 
(1932) nur eine Vergrossei'ungum34 % hei Dry opteris marginalis und 53 % 
bei Woodwardia virginica. Es ergaben sich ferner im Sporophyten Grossen- 
unterschiede bezuglich der Epidermiszellen, Schliesszellen, Sporangien 
und Kerne. Die Chloroplasten erwiesen sich aller dings bei 2 n-Prothallien 

0 Lie wirklichen Werte dilrften nach Lawton sein ^ = 38, 2n — 76, 4w = 152. 

^) Andersson-Kotto, Svensk Bot. Tidskr. 30, 1936, S. 60. 
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als kieiner, aber zahlreicher als bei ii-Prothallien (Heilbronn 1928). 
Nalier kanii hier auf Einzelheiten nicht eingegangen werden. — Fiir die 
diploide iiiid die tetrapioide Rasse von Psilotum triquetmm gibt Okabe 
Messungen an (Sporenmutterzellen in Diakinese) : 

Diploide Rasse: Kerndurchmesser 19,73 ± 1,95 (x 

Tetrapioide „ : Kerndurchmesser 25,62 ± 2,00 p 

Die 2 n-Prothallien verhielten sich im allgemeinen durchaus normal. 
Sie besassen normale Antheridien, Spermatozoiden und Arcliegonieii. 
Heilbronn gibt ferner fiir 2 n-Prothallien von Poly podium mtremn 
schnellere Entwickiung und friiliere Geschlechtsreife an. Audi die Sexu- 
al organe des tetraploiden Dryopteris marginalis schienen normal zu 
sein, Andererseits stellten sich im Zusammenhang mit der Erhohung 
der Ghromosomenzahl nachteilige Erscheinungen ein. Die Regenera- 
tionsfahigkeit des Sporoph^den nahm ab (Heilbronn, Lawton). Die 
Sexualorgane bei den 4 n-Prothallien von Poly podium aureum waren 
abnorm; nur durch Apogamie konnten Sporophyten gebildet werden. 
Andere, offenbar im Zusammenhang mit der Polyploidie stehende Er- 
scheinungen waren ausser der von Heilbronn beobachteten Apogamie 
das Auftreten von Zellen oder Organen beim Gametophyten, wie sie fiir 
die Sporophytgeneration charakteristisch sind, namlich von Epider- 
miszellen, Tracheiden, Spaltdffnungen und Sporangien (Lawton 1932). — 
Zu erwahnen ist noch, dass Heilbronn (1932, 1933) vergleichende Unter- 
suchungen iiber Chlorophyllgehalt, Assimilation und Atmung bei dem 
diploiden und dem tetraploiden Poly podium aureum angestellt hat. Durch 
ein umfassendes Studium der erwahnten Erscheinungen an Polyploiden, 
das bis jetzt noch im Angangsstadium steht, werden wir sicherlich tiefere 
Einblicke in die Fragen des Generationswechsels, der genom-und plasmon- 
bedingten Vererbung und der Bedeutung des Kernes erhalten. 

Den Gedanken, durch B e e i n f 1 u s s u n g der K e r n t e i 1 u n g s- 
v o r g a 11 g e in den Sporangien p o 1 y p 1 o i d e Sporen zu erhalten, 
hat bei Far nen als erster Friebel (1933) in die Tat umzusetzen versuclit. 
Es gelang ihm, bei Matteuccia orientalis durch Aetherbehandlung Riesen- 
sporen zu erzielen (Fig. 109), die sich als mehrkernig erwiesen. Leider 
konnte er nicht priifen, ob solche Sporen als Ausgangsmaterial zur Ge- 
winnung von Polyploiden dienen konnen, da er nur in einem Falle einen 
kiimmerlichen Keimling erhielt, der sein Wachstum bald einst elite. 

Bei dem d^pogeimen Dryopteris Filix-mas var. hort. gelang es mir 

(noch nicht veroffentlicht), in einer Zelle eines j ungen fadenformigen 
Prothalliums, in der ich eine Mitose zur Zeit der Metaphase und der darauf 
beginnenden Anaphase beobachten konnte, durch Beeinflussung mit 
Kalte die Chromosomenzahl zu verdoppeln und auf diese Weise zu Pro- 
thallien und zu Pflanzen mit doppelter Chromosomenzahl zu gelangen 
(Fig. 120, 121). Die Zahlung an Aequatorialplatten in Wurzelspitzen 
ergab annahernd 82 und 173 Chromosonien. 
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Von verschiedenen Autoren vorgenommene Zahlungen fiir die gleiche 
Art iiaben ofters Werte ergeben, die sehr viel weniger voneinander ab- 
wichen als im Falle der Polypioidie. So land z.B. de Litardiere fiir Os- 
munda regalis n = 22 Chromosomen, wahrend Digby fiir Osmunda re- 
galis Y 2 li. palustris forma mirea n = 20 angibt. Man beacbte ferner z.B. 
die verscliiedenen iui Dry opteris Filix-mas (§ 6) und Polystichum ialcatmn 
gefundenen Werte. Liegt bier nur ein Fehler in der Zahlung vor, oder 
sind die Zalilen wirklich verschieden, sodass es sich tatsacblich uni Aneii- 
ploidie handelt? Ich mochte annelimen, dass wenigstens in manclien 
Fallen das letztere zutrifft. Wie Aneuploidiezustandekommenkann, diirfte 
aus dem in § 8 gesagten hervorgehen. 

Die weitere Erforschung der Pteridophyten auf etwa vorhandene He- 
teroploidie im Zusammenhang mit den Fragen der Verbreitung und 
der durch die Heteroploidie bedingten Erscheinungen diirfte eine wichtige 
Aufgabe sein. 

§ 10. Abweichungen vom normalen Kernphasenwechsel. — 
Wichtigste Literatur: Allen (1911), Andersson-Kotto (1931), Anders- 
soN“Kotto und Gairdner (1936), Dopp (1932, 1933), Ernst (1918), Far- 
mer und Digby (1907), Georgevitch (1910), Rosenberg (1930), Steil 
(1919), Strasburger (1907), Winkler (1908). — Solche treten bei den 
Pteridophyten haufig.auf. Die wesentlichsten liier zu erwahnenden Er- 
scheinungen sind die der Parthenogenesis und der p o g a- 
mi e ^) (beides wird zusammengefasst unter dem Begriff Apomixis ^)). 

Hierbei sind zwei Moglichkeiten vorhanden. In dem einen Fall ist die 
Apomixis verbunden mit A p o s p o r i e ^) ; die Sporangien sind dann 
steril, sodass Sporen nicht produziert werden, und die Prothallien ent- 
stehen aus vegetativen Blatt- oder Sporangienzellen. Beispiele hi er fiir 
sind nach Farmer und Digby (1907) das parthenogenetische Athyrium 
Filix-jemina YQS/clarnssima Bolton und die apogame Varietat Atkyrtum 
Filix-jeminci var. clarissimci Jones ^), ferner Trichontanes Kciulfussii (Geor- 
gevitch 1910). Die Chromosomenzahl ist in diesen Fallen stets die gleiche; 
ein Wechsel derselben findet weder bei der apomiktischen Entstehung 
des Sporophyten noch bei der aposporen Entwicklung der Prothallien statt. 

Demgegeniiber stehen Falle von Apogamie, bei denen es nach Resti- 
tutionskernbildung und darauffolgender Reduktion in den Sporangien 
zur Bildung von wenigstens zu einem grossen Teil normal aussehenden, 
keimfahigen Sporen kommt. Der Phasen wechsel wiirde sich hierbei nach 
den Untersuchungen von Steil (1919) und Dopp (1932, 1933) bei Dry- 
opteris hirtipes, Dry opteris remota und Dryofteris Filix-rnus var. cristata 

Tabulae Biologicae, Bd. IV. 

Vgl. Anm. I S. 269. 

'^) Nicht alle aposporen Formen sind jedoch apomiktisch. 

Chromosomenzahlen sind in Tab. 1 angegeben. 
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hort. ’) folgendermassen darstellen, wenn die Chromosomenzahl ohne 
Riicksicht darauf, ob es sich um eine als haploid oder diploid anzusehende 
Zahl handelt, mit n bezeichnet wird: 

Spore 

t 

(R e d u k t i o n s t e i i u n g) 

f 

Sporenmutterzellen [2n) 

t 

(R e s t i t u t i o n s k e r n b i 1 d u n g) 

t 

sporogenes Gewebe, 8-zellig, jung (n) 

t 

Pflanze, apogam entstanden (w) 

t 

Prothallium {n) 

t 

Spore {n) 

Ein Phasenwechsel findet also statt, aber nicht in der gewohnlichen 
Weise, In diesem Zusammenhang sei hingewiesen auf die ganz ahniichen 
Verhaltnisse bei parthenogenetischen Hieradum-Arten (Rosenberg 
1927) 2). 

Einige Falle von Parthenogenesis bedurfen noch der Klarung in cyto- 
logischer Hinsicht, und zwar diejenigen von Marsilia Dmmmondii {Stras- 
BURGER 1907) und einiger Selaginella-kTitn. Von Marsilia Dnmmondii 
gibt Strasburger an, dass in den Sporangien ein Teil der Sporenmutter- 
zelien nach der Diakinese, in der bivalente Chromosomen zu beobachten 
sind, eine Reduktionsteilung erfahrt, wahrend in anderen eine typisclie 
Kernteilung ohne Reduktion stattfindet. Es werden demnach haploide 
und dipioide Sporen gebildet. Eine genauere Untersuchung der cytolo- 
gischen Verhaltnisse, wie iiberhaupt des gesamten Fragekomplexes ware 
sehr erwiinscht. — ■ Ueber die Kernverhaltnisse in den Sporangien der von 
Bruchmann (1912)^) untersuchten parthenogenetischen Selaginella- 
Arten {S. rubricauHs, 5. 5^w#fea) ist nichts bekannt. Die apogame S. 
ntpestris bildet nach Graustein (1930) Mikro- und Makrosporendyaden 
(Pig. 113) aus; die Mikrosporen haben z.T. abweichende Formen, Auch bei 
der apomiktischen S, (Geiger 1935) ^) steht eine cytologische 

Untersuchung noch aus. ^ A 

Als Ursache der Apomixis wird von Ernst (1918) Bastardierung ver- 
mutet. Leider hat man hierfiir jedbch keine sicheren Anhaltspunkte. 
Andererseits machen BeobaGhtungen von Heilbronn (1932) wenigstens 
an dem von ihm untersuchten Polypodium aureum Beziehungen zwischen 
Apogamie und Polyploidie wahrscheinlich. 

‘) Vermutlich auch bei /alcfliMw (vgl. Steil 1919). 

=) Hereditas 8, 1926/27. 

“) Flora 104, 1912. *) Flora 129, 1934-1935. 
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Nach Farmer und Digby (1907) soil im Sporophyten des aposporen 
und parthenogetischen PhylUtis Scolopendrmm var. crispum Drnmmondae 
eine etwas hdhere Chronaosomeiizahl vorhanden sein als im Garnet ophyten. 
Vielleicht handelt es sicli hier jedoch urn fehlerhafte Zahlungen. — Eigeii- 
tiimliche 'Verlialtnisse liegen vor bei einer als ,, peculiar'' bezeichneten 
Varietat von. PhylUtis ScolopendHuni (Andersson— Kotto u. Gairdner 
1936; vgl. Kap. IX (Genetics)). Diese zeigt Aposporie (obne Sorus- und 
Sporangienbildung), was durch einen einfachen rezessiven Faktor bedingt 
ist. Die Prothallien erzeugen iiormale Sexualorgane, und es erfolgt Befruch- 
tung. Die durch diese erfolgende Chromosomenvermehrung wird aber 
infolge der aposporen Entwicklung der Prothallien nicht kompensiert 
durch eine Reduktionsteilung in den Sporangien, sodass die Chromo- 
somenzahl in den aufeinanderfolgenden Generationen zunimmt; sie ver- 
grossert sich jedoch auffallenderweise nicht in dem MaBe, wie man hatte 
erwarten sollen. In einer der untersuchten Generationen warden gezahlt 
40-45 (60 hatten es auf Grand der Entstehungsweise sein sollen), in der 
darauffolgenden 60-68, in der nachsten schliesslich 90-100 Chromosomen 
(Andersson-Kotto 1931). Die Autorin nimmt an, dass in den Antheridien 
und Archegonien eine Herabsetzung der Chromosomenzahl stattfindet. 

§ 11. Schluss. 

Aus dem bisher Gesagten geht hervor, dass trotz zahlreicher Unter- 
suchungen noch vieles in Bezug auf Zahl und Grosse der Chromosonen, He- 
terochromatin sowie Ghromosomenstruktur tiberhaupt, Nukleolenverhalt- 
nisse und Kernteilung bei den Pteridophyten zu erforschen bleibt, Durch 
genaue vergieichende Einzeluntersuchungen iiber die Kern- und Chromo- 
sornenverhaltnisse auch bei den zahlreichen lokalen Formen, Unterarten, 
Varietaten und Bastarden, die bei den Farnen beschrieben worden sind, 
kann die Kernforschung der Systematik der Fame wichtige Dienste leisten. 

Ferner sind weitere experimentelle karyologische Studien erforderlich, 
vor allem in Verbindung mit genetischen Fragestellungen und Methoden. 

Polyploidie ist bei den Farnen offenbar recht hauftig anzutreffen. Ueber 
ihre Entstehung sind wir jedoch noch sehr im Unklaren. Weitere Unter- 
suchungen an Pteridophyten konnten noch wichtige Aufschllisse geben 
Tiber die Ursachen der Polyploidie, die durch die Polyploidie bedingten 
Eigentiimlichkeiten und die Bedeutung der Polyploidie fur die Artent- 
stehung. Ebenso kann das Studium der Abweichungen bei der Sporenent- 
stehung (§ 8) Licht werfen auf die F^ragen der Entstehung neuer Formen. 

Zahlreiche Erscheinungen, die infolge der Haufigkeit ihres Auftretens bei 
den Polypodiaceen schon beinahe nicht mehr als iVusnahmen gelten konnen , 
wie Apogamie, Aposporie und Restitutionskernbildung, bediirfen noch der 
weiteren Bearbeitung durch zytologische, aber auch durch genetische Ar- 
beitsmethoden, besonders im Hinblick auf ihre Ursachen und auf Fragen 
des Generationswechsels. 



Chapter IX 


GENETICS 

by 

I. Andersson-Kotto (Merton, London) 

§ 1. Historical notes. — The first published record of fern hybrids was 
in 1 837, when Kickx reported Asplennim Ruta-muraria X A, germa- 
nicum, QiiAPityrogrammachrysophylla X P. calomelanos. The latter hybrid 
was also described by Martens in the same year. Since this time 
numerous supposed hybrids have been described, chiefly in the leptospo- 
riangiate ferns; not only intervarietal and interspecific but also inter- 
generic hybrids have been reported. In the Equiset ales a few species- 
hybrids have been described and some of the Selaginella species have 
been assumed to be of hybrid origin. 

Most of these plants w^ere described as hybrids because when found in 
nature or under cultivation the^r differed in some respects from the specific 
type, approached another species or were more or less intermediate between 
two species. Under wild conditions such aberrant forms have often been 
observed accompanying two species, or in an area lying between those 
occupied by the two species respectively. Sterility and departures from 
the normal in anatomy, cytology, vigour etc. have also been considered 
as indications of hybridity. For similar reasons, forms more or less inter- 
mediate have been described as hybrids in cases where spores of different 
species have been sown or prothallia planted together. 

Though many of these ferns may possibly be of hybrid origin, this has 
by no means been proved. Many of these found in the wild, for example 
the species-hybrids described by Cockayne and Allan in New Zealand, 

M. Kickx, Comm, to Bull. Acad. Roy. Sci, Brussels. 1837. 

“) M. Martens, Notice sur un cas d'hybridite dans les Fougeres. Bull. Acad. 
Roy. Sci. Brussels. 1837. 

H. H. Allan, Illustrations of wild hybrids in the New Zealand flora. V. Ge- 
netica 9. 1927. — L. Cockayne and H. H, Allan, An annotated list of groups of 
wild hybrids in the New Zealand flora. Ann. Bot. 48. 1934. 
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are probably of hybrid origin; others are more doubtful. Heilbronn 
could get no hybrids of Asplenmm Ruta-muraria X A . Trichomanes ox oi 
A . septentrionale X A, Trichomanes from sowing spores together or adding 
spermatozoids of one parent to the .female prothallia of the other. From 
^4 . septentrionale X -4 . Rut a-mur aria, however, some plants appeared which 
did not resemble either parent as much as they did A. germani cum. This 
latter species has repeatedly been assumed to be a hybrid. Negative results 
were obtained by Hoyt ^), who attempted to cross-fertilise various species 
and genera. Attempts to make artificial crosses in Selaginella and Equi- 
setum by the present author also failed. 

In other cases the experimental conditions and technique employed 
were such that no conclusions could safely be drawn. Present-day technique 
in hybridisation and culture has shown that many of these supposed 
cases of hybridisation are very improbable. In the author’s opinion, 
reports of intergeneric and wide interspecific crosses should be received 
with great caution. 

More recently, Czaja claims to have produced hybrids between Gym- 
mgramme {Pityrogramma) chrysophylla ^ and sulphur ea but the pre- 
sumed hybrids all died in the embryo stage. The same applies to the 
young plants obtained by Dopp ixom Bryopteris Filix-mas x spimdosa, 
a cross that it would be of interest to obtain as these two species are 
the reputed parents of D. remota. D, remota X Filix-mas gave no result. 
On the other hand the same author appears to have succeeded in crossing 
D. spimdosa X remota (fig. 1), which would thus be the first case of an 
undoubted specieshybrid. However, hybrids may now be obtained and 
the progeny bred under absolute^ controlled conditions; there seems no 
doubt therefore that where species are capable of forming hybrids, such 
hybrids will in due course be obtained, and where they are fertile their 
progeny investigated. 

Ferns which by their progeny proved to be hybrids were first produced 
by Andersson-Kotto in 1927 from intervarietal crosses. They were 
obtained from cross-fertilisation between $ and ^ gametophytes under 
controlled conditions. For the culture media and technique used, refer- 


q Heilbronn, a. Apogamie, Bastardierung und Erblichkeitsverhaltnisse bei 
einigen Farnen. Inaug. Diss., Miinchen 1910. 

q W. D. Hoyt, Physiological aspects of fertilization and hybridization in ferns. 
Bot. Gaz. 49. 1910. 

q A. Th. Czaja, Uber Befruchtung, Bastardierung und Geschlechtsertrennung 
bei Prothallien homosporen Fame. I. Zeits. f. Bot. 13, 1921. 

q W. Dopp, Versuche zur Herstellung von Artbastarden bei Farnen. I. Ber. 
dents. Bot. Ges. 53. 1935. 

q I. Andersson-Kotto, Note on some characters in ferns subject to mendelian 
inheritance. Hereditas 9. 1927. 
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encemay bemadeto Andersson-KottoI) and Lawton^). Heterozygotes 
of unknown origin had however been investigated earlier, in as much as 
Heilbronn 3) in 1910 found segregation in the progeny of some varieties 
oi Athyriimi Filix-femina; 1923, first found a mendeliaii 

segregation in ferns from 
a natural heterozygote of 
Phyllitis Scolopendrum of 
unknown parentage. 

The great poiymorphy 
shown by many fern gene- 
ra indicates that hybridi- 
sation may frequently 
occur in uncontrolled 
crosses and in nature. 

§ 2* Geneticai experi- 
ments with structural 
characters. — With the 
few species that as yet 
have been investigated 
among ferns, the segre- 
gation and recombination 
of the genes for various 
characters is clearly 
demonstrated and the 
inheritance is in principle 
the same as in higher 
plants and in mosses. 
Mendelian segregation is 
shown in the next gener- 
ation (Fg) when game- ; 
tophytes from experi- 
mentally obtained hy- 
brids (F^^) are fertilised 
mter se. From natural 
hybrids or heterozygotes the segregation is also apparent in the succeeding 
generation. The results obtained from self-fertilisation of separate game-. 


Fig. 1. A, Dryopteris spinulosa; B, D. remota; 
C, D. spinulosa x D. remota. The fronds are 
taken from plants of about the same age. By courte- 
sy of Dr. W. Dopp. 


q I. Andersson, The genetics of variegation in a fern. J. Genet. 13. 1923. 

Loc. cit. 1927, and subsequent papers, 

“) E. Lawton, Regeneration and induced polyploidy in ferns. Amer. J. Bot. 19. 
1932. 

q Heilbronn, loc. cit. 

W. H. Lang, On the genetic analysis of a heterozygotic plant of Scolopen- 
drium vulgare. J. Genet. 13. 1923. 
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tophytes derived from a hybrid or heterozygote show the distribution 
of the genetical factors at reduction division in the sporangium. 

Mendelian segregation and recombination is well demonstrated in 
Polystichum angulare^). A plant of unknown parentage proved to be 
heterozygous for two pairs 
of factors, one determin- 
ing the shape of fronds, 
pinnae and pinnules and 
the other their position 
(i.e. length of rachis, im- 
brication of pinnae and 
pinnules). From recom- 
bination of these two 
pairs of factors four types 
of plant appeared (fig. 2) 
as follows: 

(1) Plants similar to 
the parent, dominant 
for both factors (Type 
I). -—(2) Plants like (1) 
as regards the shape of 
the pinnules, but differ- 
ing in the imbricated 
position of the pinnae 
and pinnules (Type II) 

(dominant in shape, re- 
cessive^in position) (3) 

A type with truncated 
fronds, usually ending 
in a short hornlike pro- 
trusion of the rachis ; 
with pinnae of varying 
length; pinnae more or 
less cuneate-flabellate, palmately lobed and toothed (Type III). This type is 
dominant for position but recessive for shape of pinnules. — (4) Similar to (3) 
but with pinnae and pinnules imbricated. This is evidently the double re- 
cessive. (Type IV). 

The four classes of plants, obtained from gametoph^des fertilised inter 
se, appeared in an approximate ratio of 9 : 3 : 3 : 1 , as would be expected 
if the parents were heterozygous for two factors. It was shown experi- 
mentally that plants of Type I, as expected, were either homozygous 
or segregating in the next generation, giving a 9 : 3 : 3 : 1 ratio; or were 
heterzygous for one factor, giving a 3:1 ratio. Plants of Type II gave 
either Type II only, or Types II and IV in a 3:1 ratio. Similarly 
Type III gave either Type III only, or Types III and IV in a 3 :1 ratio. 
At a later date the Type IV plants were bred from, and gave only their 
own type. 


Fig. 2. Polystichum migulare. The four types which 
appear as a result of recombination of two pairs of 
factors. A, Tvpe I {angul ar e B, Tvpe II; 

C, Type III; D, Type IV. 


^) Andersson-Kotto, loc. cit. 1927. 
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From self-fertilisation of separate gametophytes the equal distribution 
of these factors at reduction division was proved, as indicated by the 
following numbers: of 78 gametophytes self-fertilised, 22 gave sporophytes 
of Type i, 20 of Type II, 1 8 of Type III and 1 8 of Type IV. The sporophytes 

from each self-fertilised gametophyte were uniform. 

Athyrhim Filix-femina. Plants were raised by HeilbronnF) from a 
sporophyte of Athyrium Filix-femina var. multi fidum Mappelbeckii, a 
variety with a small multifid apex of the pinnae. Seven plants were more 
or less like this variety, two were similar to typical Filix-femina and 
fourteen were more branched. 

According to the experiments of Andersson-Kotto ^), the branching 
of fronds and pinnae which is characteristic of the so-called crested and> 
other more simply branched varietes is dominant over the typical A.F.-f. 
type of non-branching frond, and a segregation of 3 : 1 occurs in Fg. The 
more complicated branching types of Athyrium do not show a clear segre- 
gation. This applies to the var. Fieldii Moore, from which Heilbronn 
raised a family and to other more or less cruciate forms bred by the pre- 
sent author. 

In the variety Frizelliae each pinna branches immediately from the 
rachis, producing a semicircular, flabellate pinna. Instead of a single pinna 
there are thus two transformed parts, one covering the other. Hetero- 
zygotes between this variety and typical Filix-femina show both types of 
parental pinnae on the same frond, and in the next generation a segregation 
occurs, which gives normal Filix-femina, heterozygotes, var. Frizelliae 
in a ratio of 1 : 2 : 1 , as found by Andersson-Kotto. A factor for shorten- 
ed rachis and imbricated pinnae and pinnules, which is recessive, was 
also found to segregate simply. 

Among the many distinct degrees of laciniation of the pinnules occur- 
ring in this species, the more laciniated types are recessive to the less 
laciniated types and to the type. 

Presence of anthocyanin colour in the rachis is dominant to its absence. 

Phyllitis Scolopendrium, Lang showed that entire leaf and incised 
leaf in Phylliiis Scolofendrium aie ollelomorphic, a segregation of 3 entire : 

1 incised occurring in Fg from a natural hybrid, 
j The characters investigated by Andersson-Kotto in this species 
; and found to behave in a simple mendelian way were as follows : 


p A. Heilbronn, Apogamie, Bastardierung und Erbiichlveitsverhaltnisse bei 
einigen Farnen. Inaug. Diss. Miiixchen. Fischer, Jena. 1910. 

p I. Andersson-Kotto, The genetics of ferns. Bibliographia Genet. 8. 1931. 
p W. H. Lang, On the genetic analysis of a heterozygotic plant of Scolopen- 
drium vulgare. J. Genet. 13. 1923. 

‘p I. Andersson-Kotto, A genetical investigation in Scolopendviiim vulgare. 
Hereditas 12. 1929. 
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[a) dwarf, which is a simple recessive to tall. — - (6) Murication of the upper 
surface of the frond, incompletel}^ dominant to smooth surface. — (c) Rugosity 
of the upper surface of the frond, correlated with undulation. The heterozygote 
is more or less intermediate. — {d) Bimarginate edge, which is characterised by 
a longitudinal fold on the under-surface, .developed simultaneously with 
sectioning of the edge up to the fold. The portion of the upper surface corre- 
sponding to the fold becomes rugose, the rugosity forming a ridge or second 
margin. This character is more developed in the homoz^^gote than in the 
heterozjrgote. — (^) The fold or ridge-like protrusion of some layers of the 
under-surface of the frond. The fold is developed so as to form a broad trans- 
parant membrane, which stands away from the frond and is correlated with 
the contraction of the whole lamina. In sporophytes heterozygous for this 
character the fold is discontinuous and its development is correlated with 
serration of the edge. — (/) Simple crenation of the edge without other re- 
ductions in size or development of the lamina is recessive to entire edge. — 
(g) Crenation of the edge, and a peculiar retardation in growth along the whole 
lamina, without transformation of upper or lower surface, is recessive to entire 
edge and normal development. This factor causes degrees of reduction of the 
lamina and various interrelated processes affecting nervature and position of 
sorus (see p. 292) . The most extreme reduction of lamina occurs in the branched 
type, in which scarcely more than the branched rachis remains, (fig. 3). ■ — 
{h) Terminal branching at a definite point (different for different varieties) is 
recessive to non-branching. — (i) Regular branching, together with entire edge, 
is dominant over irregular branching and crenate edge. — (k) The presence of 
laterally protruding lobes or side-branches is recessive to their absence. These 
side-lobes contain a strengthened vein which branches sympodially, or a 
side-branch of the costa. — (/) Basal branching, consisting of protruding basal 
lobes with a branch of the costa, is possibly allelomorphic to no basal branching 
— (w) The arrested growth at the apex pf the frond which results in a more or 


less pocket-like structure on the underside and protrusion of the midrib into a " * j 

horn (characteristic of the variety peraferum) is dominant over hornless apex, . i, | 

but the segregation approximates to 2 : 1 ratherthan 3 : 1 . The factor causing ! j 

this type of terminal growth affects different types in different ways. It was t j 

recombined with the factors for crenate edge, for dwarfness and for branching. ' ! | 

In the last instance each branch possesses an apical pocket-horn structure. r 


A similar arrest of growth may occur at other points along the frond, e.g. at the 


apex of side-branches or basal branches or anywhere where a m.ore or less 
strengthened vein occurs. The factors involved have not so far been investigated. 




The same applies to the factors causing difference in width of lamina 
and lobes, degree of laciniation and number of divisions of the costa or 
apex of the frond. 

In the classification of the ferns, venation and the situation of the 
sorus in relation to venation, the relation of the sori to one another, to 
the costa and to the edge of the frond are of the gratest importance. The 
departures from the typical Scolopendrium sorus and venation which 
have been met with in these experiments are therefore of special interest. 
Since development of the sorus is intimately connected with the develop- 
ment of venation and of the interrelated processes of growth of the whole 
frond, it is not astonishing that deviations in position of the sorus were 
found to be caused by some of the factors referred to above, which pri- 
marily affect the growth of the leaf-blade and retard the growth at certain 


points or along certain regions. 

Departures from the typical position, shape and indivivuality of the 
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Fig. 3. a, extravagant type of PhylUHs S colop endvium, showing extreme reduction 
of lamina, position and shape of sori. B, Phyllitis S colop endvium type. 


confined to the lower surface of the frond, a continuation of the sori along 
the margin to the upper surface may occur. This is the result of unequal 
development of the upper and under surface, or of the development of a 
marginal or intramarginal fold, or of contraction of parts of the frond. A 


sorus thus occur together with the various developments of the other 
characters and are inherited together with these. Instead of the sori being 
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continuous band of sori on the upper side of the shelf-like fold along the 
edge of the frond is thus found in some varieties. Another arrangement of 
the sori is due to factors which primarily cause a mode of growth that 
leads to reduction of the 
upper surface, at the 
same time specially af- 
fecting the part between 
the two branches of the 
primary vein. The edge 
of the frond thus appears 
pinnate, and the two sori 
which face one another 
protrude in this way in a 
'pinnate' manner. They 
continue over the apex 
of the pinna down the 
corresponding part of the 
upper side. In other 
words, each pinna con- 
sists of one turned-over 
double sorus. How^'ever, 
sori may also continue 
from the lower to the 
upper surface, each sorus 
covering itself on either 
surface, without much 
transformation of the 
lamina; this has been 
found in a hybrid with a 
slight submarginal fold, 
slight irregular incision 
of the edge and very 
slight murication of the 
upper surface. 

Dislocation of parts of 

FiG . 4 . A-F ,PhylUtis Scolopendrium. Sectioiis oi iioTids, 

Lk xX w Js vXx lx w * LXxX X y L.XX L-X i * i "ii 'i* j? * j* i * 

showing shape and position of son, venation and dimi- 
trusions containing the nation of leaf blade. G, normal development and po- 



folded-back sorus, occur Sition of soxi in Ph. S colop endruim type, 

when the ridges or in- 
tramarginal folds on the under-surface cross the sori. The typical position 
may also be altered b}^ several types of lobing, crenation and incision of 
the edge of the frond. 

Sori may be produced on the upper surface of the frond without corre- 
sponding sori on the undersurface, as seen in some.muricated types. They 
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are then situated in depressions of the upper surface, distinctly within the 
margin of the frond, and are of irregular shape and without iiidusia. 

The most interesting departure from the position and shape of sorus 
characteristic oi Phyllitis S colop endr him, combined with alteration of 
venation, was found in the different types (fig. 3 and 4) of a family derived 
from the variety cormdum. In this family plants may be branched or 
unbranched, and they differ also in the wddth of lamina developed. The 
edge is more or less deeply crenated. The factor for crenation also affects 
the width of the lamina and venation, and may be said to have a curious 
retarding influence along the whole lamina. As a consequence of the 
alterations which occur, the position and shape of the sorus is affected. 
The plants may have a comparatively broad lamina, whiere the double 
soviiy^icdl oi Ph. Scolopendrium, which open towards one another, are seen 
to do so only along part of the sorus. Or they may have narrower fronds 
and lobes, together with reduced venation and fusion of veins; in this case 
the two sori are situated at an angle towards one another, following the 
edge and opening outwards, or the sori which originally opened towards 
one another have become widely separated and come to lie back to back. 
In this position they are unequal in size, the extrorse sorus in placed more 
or less parallel to the margin and costa, the introrse one is very short and 
inserted at right angles. Finally, certain branched tj^pes of the same family 
frequently develop only the extrorse sori, the frond then having the ap- 
pearance of a costa bordered by a disrupted line of sori, all parallel to 
the costa (fig. 4 F). 

The shape of the indusium corresponds with that of the sorus. Partial 
abortion or absence of indusium occurs in the suprasoriferous types and 
in some of the crenated forms with sori along the edge. Further, where a 
weil-deveioped membrane-like edge occurs, the indusium is much reduced 
or disappears in the membrane. 

Reciprocal hybrids have in all cases been alike and fully fertile. 

§ 3. Obligatory apospory. — The only clear case of genetical deter- 
mination of apospory in ferns occurs in Phyllitis Scolopendhum'^) 2). 

^ Apospory and the whole abnormal development of the so-called “peculiar” 
sporophytes of this species is caused by one gene which behaves as a simple 
recessive to normal devdopment and no apospory. Reciprocal crosses 
give normal sporophytes in F^ and a segregation in Fg of 3 normal to 1 
aposporous. The normals either breed true or segregate like the Fj, the 
'peculiars' give of.ly ’peculiarsb 

q I. ANDERSSON-KoT»ro, The genetics of ferns. Bibliogr. Genet. 8. 1931. 

I. Andersson-Kot'io, Observations on the inheritance of apospory and alter- 
nation of generations, Svensk Botanisk Tidskrift 26. 1932. 

q I, Andersson-Kotto and Gairdner, A. E., The inheritance of apospory in 
Scolopendrium vulgare. J. Genet. 32. 1936. 
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This gene for 'peculiar' alters the whole development of the life cycle. 
The sporophytes throughout are of very slender growth and only attain 
a height of about 8 cm. (fig. 5 E). The fronds (fig. 5 A-D) never approach 
the size, shape or robustness of normal plants. They are similar to the 
normal as regards anatomy and venation and in some other respects, 
though on a reduced scale, but the tissue between the veins of the leaf blade 
is garnet ophidic. This tissue gradually grows out into a prothallial sheet 
along the edge. Sori, sporangia and spores are entirely absent. The prothal- 
lial outgrowth gradually weighs down the frond and the prothallium 
establishes itself on the soil as a separate gametophyte. Normal sexual 
organs are developed and after feidihsation a similar new 'peculiar structure 
arises, which repeats the process. Since apospory is not offset by apogamy, 
as usually occurs in obligatorily aposporous ferns, we get a series of in- 
creasingly high polyploid 'peculiars'. Further reference is made to these 
'peculiars' below (see § 7 and 8). 

§ 4. Polyploid segregation. — The only clear case of polyploid segre- 
gation of a mendelian character in a fern to my knowledge occurrs in 
Phyllitis Scolopendrium. The data (Andersson-Kotto, uiipub.) do not yet 
suffice for definite conclusions, but it is apparent that a segregation of 
5 normal to 1 'peculiar', of the type described above, is obtained when 
separate gametophytes are self-fertilised, the garnet ophytes being obtained 
from a fertile hybrid between a 'peculiar' with 50 chromosomes and a 
gametophyte of normal Scolopendrmm type with 30 chromosomes, the 
hybrid having 80 chromosomes. 

§ 5. Mutation. — Though many fern genera show that mutation must 
be comparatively frequent, no mutation has so far been recorded in ex- 
periments under controlled conditions where the genotype of the material 
v/as previously known. 

The somatic mutations in N ephrolepis exaUata described by Benedict 
are of interest, since they parallel the variation in characters of the spo- 
rophytes obtained from spores in other fern genera. Most of the cultivated 
species of this genus show variation by bud-sports, and in N. exaltata 
such variation is specially frequent, as many as 200 new bud sports having 
arisen since 1895. They occur discontinuously and are classified by Bene- 
dict as progressive and regressive. The progressive variations have ap- 

b R. C. Benedict, The origin of new varieties oi Nephrolepis hj orthogenetic 
saltation. I. Progressive variations. Bull, Torr. Bot. Giub 43. 1916. —- Evolution 
as illustrated by ferns. Brooklyn Bot. Gard. leaflets ser. 10. 1922. — Which Boston 
fern is best? J. Hered. 13. 1922. — The origin of new varieties of by 

orthogenetic saltation, II. Regressive variation or reversion from the primary and 
secondary sports of bostoniensis. Amer. J. Bot. 9. 1922. — New bud sports in Ne- 
phrolepis. Genetics 8. 1923. — The moss-leaved fern. J. Hered. 15. 1924. • — 



Fig. 5. A-D, fronds of 'peculiar’ sporophytes of Phyllitis Scolopendvium; E, fully 
grown 'peculiar’ sporophyte; F, comparable fronds of a young sporophyte of 
Scolopendrmm type. For comparison with C and E see normal frond of mature 
plant of Scolopendvium type in Fig. 3. 
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peared along several lines and show increased division of the leaf, ruffling of 
the pinnae or dwarfing. Among further variations may be mentioned dicho- 
tomy of pinnate and apex, cresting and vivipary. The characters appear 
separately or together. Progressive increase occurs in successive sporophyte 
generations, each mutation producing a higher grade of the character. The 
regressive mutations rarely show a complete return to the parent form. 

A genetical investigation is impossible here owing to sterility. Only 
one fertile variety has appeared from Nephrolepis exaltata bostoniensis ^) . 
This was twice-pinnate with occasional once-pinnate fronds, and gave 
from spores, forms which parallel the variations oiN,e, bostoniensis diXid 
also other forms. The succeeding generation showed decreased variability 
and progressive variation as regards increased leaf division. 

§ 6. Chloroplast characters. — The study of chloroplast characters 
is facilitated where there is a well-developed gametoph 3 d:e generation, as 
in the Ferns. The mode of inheritance of chloroplast characters such as 
size and various development of pigment, has been studied by Andersson- 
KOTTO ^) . In all cases of variegation, that is the presence of ceils wdth nor- 
mal chloroplasts and cells with pale green, generally smaller chloroplasts 
together in one individual, the transition from one type of chloroplast 
to the other is sudden and evidently occurs at the division of one cell. 

In Adiantum mneatum it may be assumed that the pale cells are due 
to mutation (in the wider sense), the mutation occurring (a) somatically 
in sporophyte and gametophyte and (b) at spore formation or reduction. 
Somatic mutation in the gametophyte occurs in about one cell division 
in ten thousand. This should be compared with the considerably higher 
mutation rate at reduction, viz. 1.3 or 2.8 pale to 1 green. 

In Lastraea atmta variegation is the phenotypic expression in the 
sporophyte of a factor which causes no visible effect in the gametophyte. In 
the variegated plants investigated both generations had the same chromo- 
some number and the periodic change from variegation of the sporophyte 
to whole-colour of the gametophyte is therefore of interest. 

Variegated plants of Phyllitis Scolopendrium were exceptional as com- 
pared with other variegated ferns investigated, in having in each sporan- 
gium only one type of gametophyte, i.e. either all green or all pale. No 
segregation occurs therefore at this point. Since the change from normal 
to pale is reversible in the sporophytic tissue, and the green gametophytes 
subsequently breed true, we may assume that a labile condition is created 
at each somatic division in the sporophyte. This condition is transmitted 

q R. C. Benedict, Variation among the sporelings of a fertile sport of the 
Boston fern. J. Hered. 15. 1924. 

I. Andersson, loc. cit. 1923. — I. Andersson-Kotto, Variegation in three 
species of ferns {Polystichum angulare, Lasfraea atrata and Scolopendrium vulgar e) . 
Z.I.A.V. 56. 1930. — Andersson-Kotto, I. loc. cit. 1931. 
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by the pale gametophytes whether selfed or crossed (as $ or with green. 

A more complicated inheritance of variegation occurs in Poly stichmii 
angidave. The facts briefly are that variegated sporophytes produce four 
phenotypicaily distinguishable types of gametophytes: green, pale non- 
viable and two t3’pes of variegated. Variegated sporophytes are only 
obtained on crossing a pale region of a gametophyte of the first of the two 
variegated types with a green gametophyte or a green region of a varie- 
gated gametoph^de. These variegated sporophytes breed like their varie- 
gated parents. The following give only green sporophytes: all green 
gametophytes, green parts of the first type of variegated gametophytes, 
and variegated gametophytes of the second type. These green sporo- 
phytes may then {a) breed true; or produce {h) green and non-viable pale 
gametophytes, (c) green and variegated gametophytes of the second type, 
[d) green, variegated of the second type and pale gametophytes, or {e) 
pale and variegated gametophytes of the second type. It was found that 
the phenotypic change from green to pale green in the gametophytes 
coincided with a genotypic change. From further breeding work, and the 
results of breeding from different parts of the gametophytes, self-fertili- 
sation as well as cross-fertilisation, the conclusion was reached that the 
phenotypical change from green to pale coincides with a change or mu- 
tation in a factor determining chlorophyll development. This factor was 
found to exist in seven different states. The factor in each state may by 
either stable or unstable. The instability consists in the power of mutation 
from one state to another specific state, at a certain stage of the life^cycle. 
The factor in each state has thus its own characteristic mode of activity. 

The pale patch of the variegation pattern of the gametophyte here 
usually involves the whole growing point, and later on, when the growing 
point has changed back to green, the pale region comes to lie more or 
less across the gametophyte; whereas in the Adiantum case referred to 
above, the pattern consists of pale wedges or larger areas situated on 
either side of the growing point. 

Giant chloroplasts in Poly sticMim angtdare dje ^tohd^hl^ controlled 
by a simple mendelian factor, since a segregation of gametophytes with 
normal and with giant chloroplasts in the ratio 1 : 1 occured in the progeny 
of a sporoph^Te derived from a cross between a normal gametophyte as 
$ and a gametophyte with giant chloroplasts as A* This sporophyte had 
normal chloroplasts. 

§ 7, Effects of alteration of genome quantity. — It is well known 
that quantitative alteration of the genome is often acGompanied by 
alterations in cell-size, cell-number and other characters. Since the form 
and size of a generation and its organs depend on the form, size and number 


b Andersson-Kotto, loc. dt. 1931. 
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of cells and the relation between these characters, the effects of a quantita- 
tive alteration of the nucleus may be considered here. In Osnwnda regalis 
Manton found 2 n and 4n sporophytes indistinguishable on a casual 
inspection. No increase in cell-size or number, or in size of organs, or of 
the whole plant, was found in the increasingly high polyploid series of 
the ' peculisif of Phyllitis S colop endrium'^). In Polypodhim mtreuin on 
the other hand, Heilbronn found that increase in quantity of nuclear 
material was accompanied by an increase in cell-size; 2 n gametophytes, 
obtained through induced apospory from 2 il sporophytes and from spores 
of the tetraploid plants had larger cells than the n garnet oph3h:es. The 
same applied to 2 n as compared with 4 n sporophytes. Width of lobes and 
size of sori and sporangia were also greater in the 4 n than in the 2 n 
sporophytes. No noticeable increase in the size of the gametophyte as a 
whole was found. Similarly, in Dryopteris marginalis and Woodwardia 
virginica, Lawton found that the 2 n prothallia obtained by induced 
apospory had larger cells than the n ones. The leaves of the tetraploid 
sporophytes were composed of larger cells than those of the diploids, and 
were irregularly lobed. 

The higher polyploid gametophytes when fully grown are of typical 
shape. In some species the diploid and tetraploid gametophytes retain 
both antheridia and archegonia, while in others, loss of one or both may 
occur. 

While in the 'peculiars’ of Phyllitis the polyploid sporophytes and 
gametophytes are similar in all respects to the normal (diploid and haploid) 
forms, in Polypodmm aMreum we get various interesting aberrations. The 
diploid gametophytes are sexual, but under certain conditions they can 
be induced to develop into sporophytes; the tetraploid ones are asexual. 
They only possess an occasional antheridium, which becomes transformed 
into a growing point; and they are sooner or later, in one way or another, 
differentiated into sporophytes. The intermediate structures between 
gametophytes and sporophytes which are obtained when fronds are 
regenerated are of special interest. It is evident that they are at first of 
gametophytic nature, as indicated by the cell-shape and the presence of 
rhizoids and antheridia, but gradually the apical end becomes trans- 

q I. Manton, Contributions to the cytology of apospory in ferns. I. A case of 
induced ^.^ospoiy in Osmunda regalis. ] . Genet. 25. 1932. 

2) I. Andersson-Kotto, On the comparative development of alternating 
generations, with special reference to ferns. Svensk Botanik Tidskrift 30. 1936. 

q A. Heilbronn, tiber experimentell erzeugte Tetraploidie bei Farnen. Verb. V. 
Int. Kong. Vererb. Berlin 1927. 

E. Lawton, Regeneration and induced polyploidy in ferns. Amer. J. Bot. 19. 
1932. 

A. Heilbronn, Polyploidie und Generations wechsel. Ber. Deuts. Bot. Ges. 
50.1932. 
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formed into a primary leaf, on which a lateral growing point gives rise 
to a normal sporophyte. From regeneration of the garnet ophytic cells 
typical prothallia are obtained. As Heilbronn i) points out, a higher 
degree of polyploidy favours the sporophytic generation rather than 
the gametophytic generation. A haplont is always a gametophyte, 
a diplont may be either a sporophyte or a gametophyte according to 
external conditions, and a tetraplont tends to be a sporophyte. The pro- 
duction in its turn of a gametophyte from the tetraploid sporophyte is much 
more difficult than in the case of the corresponding diploid sporophyte, 
and the tetraploid gametophytic generation loses its sexual function and 
develops apogamously into sporophytes. 

That the normal sequence of events in the succeeding generation is 
upset by the experimental alteration of the sequence in the preceding 
generation, or by increased genome quantity, has also been shown in 
Dryofteris marginalis by Lawton, where the gametophytic regenerations 
from diploid sporophytes were found to bear sporangia. Sporangia on 
prothallia had previously been reported by Lang but these prothallia 
were grown from spores under abnormal conditions and their chromo- 
some number was not ascertained. 

The effects of a quantitative alteration of the genome on the 
sporophyte as compared with the gametophyte cannot as a rule be strictly 
compared in ferns owing to the dissimilarity between the alternate gener- 
ations. An exception is found in the 'peculiars' of PhylUiis Scolopendrimn, 
in which the tissue of the sporophytic generation may be compared with 
that of the gametophyte, inasmuch as the tissue situated between the 
veins and all round the leaf-blade (replacing sporophytic tissue) consists 
of ceils similar to those of the gametophyte. The frond gradually grows 
out into a gametophyte which gives rise to a similar new sporophytic 
generation and this again behaves in the same way. The prothallial cells 
in the sporophyte can thus be compared with the later stages of the gameto- 
phyte from the same frond when grown as a separate entity. From com- 
parison of cells in the polyploid series it was concluded that gametophytes 
with different quantities of genome are similar, and sporophytes with 
different quantities of genome are similar, but that there is a difference 
between the gametophytic and the sporophytic generations. There is a 
readjustment in cell size when the sporophyte grows out into a gametophyte. 
This readjustment from the larger cell-size of the sprophyte to the smaller 
size characteristic of the gametophyte, is not due to a dropping-out of 


A. Heilbronn, Uber die genetische Lokalisation Stoffwechsel und Genera- 
tionsfolge regulierender Aniagen. Biol. Zbl. 53. 1933. 

W. H. Lang, Apogamy and the development of sporangia upon prothallia. 
Phil. Trans. Roy. Soc. 190. 1898. 

3) I. Andersson~Kott6, Log. cit. Svensk Bot. Tids. 1936. 
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chromosomes or to any irregularity in the division of the chromatin mass. 
As the sporangial stage is totally absent in these 'peculiars’, it would 
appear that it is not the transit from one nuclear phase to the other, or 
reduction in chromosome number, which is responsible for the read- 
justment, but rather the alternation of morphological generations. 

It seems probable also from other facts that the sequence of events 
leading to differences in the cell-size and rate of growth must be considered 
for the life-cycle as a whole. In other words, the growth and development 
of gametophyte and sporophyte is integrated in the pattern of growth 
and development of the whole life cycle. 

^ § 8, The effects of genetical factors in sporophyte and gameto- 

phyte. — Several mendelian genes were referred to in § 2 which show 
themselves in the sporophyte alone. No simple mendelian gene affecting 
the gametophyte only has so far been found in ferns. Lang however 
found a race of Phyllitis Scolopendfum which showed a tendency to form 
sporangia on old gametophytes when fertilisation was prevented. The 
cause of this interesting departure is unknown ; it is not even known if 
the race was a diploid one, or how it bred in this respect. The race was 
otherwise normally developed as regards sex and other characters. 

Among the genes which might be expected to express themselves in 
both sporophytic and gametophytic generations, such as those deter- 
mining the size, number and contents of the cell, the mendelian gene for 
dwarfness is up to the present the only one for which a definite place of 
visible action is established. The effects of this gene on cell number are 

i apparent in the sporophyte but not in the gametophyte. It is unfortunate 

that in ferns the inheritance of chloroplast characters is not dependent 
on genes segregating in a simple way. In Polystichum, the unstable gene 
mutates from one state to another in a definite way and mutation may 
take place in gametophyte or in sporophyte or in both. In Scolopendrium, 
the gametophytes may show either of the chloroplast types of the parent 
sporophyte but the change from one chloroplast type to the other, as 
happens in the sporophyte, never takes place in the gametophyte, In 
Adiantum both sporophyte and gametophyte show changes from normal 
chloroplasts to small whitish chloroplasts and vice versa. In Lastraea only 
the sporophyte shows the chloroplast variation. 

It is of special interest to note that the gene for dwarfness acts visibly 
throughout the sporophytic generation, though not throughout 'diplo- 
phase. This is apparent from the result of combining this gene with ’pecu- 
liar’. We have here, in the dwarf ’peculiars’, sporophyte and gametophyte 
within the same nuclear phase and only the sporophytic tissue, i.e, the 

W. H. Lang, On a variety of Scolopendnum vvlgave which bears spores on the 
prothallns. Ann. Bot. 43. 1929. 
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whole sporophyte including the veins is affected by the dwarf gene. The 
prothallial tissue of the frond and the subsequent free-living garnet ophyte 
are unaffected. 

The effect of combining these two recessive genes for ’peculiar' and 
dwarfness is a shift in the comparative development of the life-cycle; 
the sporophytic part becomes reduced in size compared with the garnet o- 
phytic part. Fronds of fully grown plants before growing out into prothallia 
attain only a maximum width and length of 1 cm., usually less, and have 
a stipe never exceeding 7 mm. Though slender, they have a shape and 
venation similar to that of the- tall peculiars, and no abnormality in de- 
velopment has been met with in any family. On these small fronds the 
edge grows out into the usual sized large prothallial cushion around the 
periphery and at a distance fully developed plants look like a slender 
stalk with roots at one end and a prothallium, often many times larger, 
at the other end. Owing to the slenderness of the stalk the prothallial 
outgrowth weighs the fronds down towards the soil. 

The gene for 'peculiar' causes a drastic alteration in the sequence of 




Fig. 6. A and B, spermato^oids in a sporangium; C and D spermatozoids in an 

antheridium. 


events in the life cycle as a whole. Some consequences of this alteration 
appear in the hybrids between normals and 'peculiars' and also in suc- 
ceeding generations. Some of the sporangia of the normal hybrids are 
found to contain spermatozoids instead of spores (fig. 6 A and B) and the 
polyploid series of the 'peculiars' and also the normal segregates from the 
cross, instead of showing a doubling of the chromosome number in suc- 
cessive generations, often have less than the double chromosome number. 

As regards expression of dominance, it might be deduced from the 
occuiTence of spermatozoids in sporangia that the gene for 'peculiar' has 
different effects on different characters; it is clear that we must consider 
the effects of the gene on the life-cycle as a whole. Long complete develop- 
ment (normal type) is dominant over short, incomplete development 
(peculiar type); but in regard to sexuality the shows incomplete- 

q I. Andersson-Kotto, Log. cit. 1936. 

I. Andehsson-Kott 5 and Gairdner, A. E., Loc. cit. 1936. 
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dominance. The differentiation of sex cells is independent ofthegameto- 
phytic stage. The gene for 'peculiar’ thus has a special effect on the time 
of sexual activition. In both normal and ’peculiar’, sex activation occurs 
in the gametophyte, but the time of activation is accelerated in the ’pe- 
euliar’ ; the result of crossing normal and ’peculiar’ is the activation of sex 
at an earlier stage than occurs in the normal life cycle — in addition to its 
occurrence at the usual stage. In this way a cell characteristic of the 
gametophyte in fertis (a sex cell) is transferred to the normal sporophyte 
and there replaces, inside the sporangium, a ceil as characteristic of the 
sporophyte as the spore. If a single gene, as is here the case, can thus alter 
the developmental sequence and cause a characteristically garnet ophytic 
character to be shifted to the sporophyte, it may be presumed that other 
characters and even organs may similarly be shifted from one generation 
to the other. 

The life-cycle of the hybrids is also partly different from that of either 
parent and any previously known fern, since sporangia are seen to develop 
spermatozoids without the intermediate stage of spores and gametophyte. 

The fact that the polyploid series of ’peculiars’, and also the normals 
from reciprocal crosses between normal and ’peculiar’, frequently have 
less than the expected chromosome number is not due to aii}^ chromosome 
elimination or irregularity during ontogeny. Reciprocal crosses with the 
normal type have shown that a lowering of the chromosome number 
probably occurs at the sexual stage and more frequently in antheridia 
than in archegonia. No gross cytological disturbance occurs and the chro- 
mosome numbers indicate that a process of a reductional nature may 
occur at this stage. This is plausible since, owing to the shift of the de- 
velopmental processes of the life-cycle as a whole, the sexual stage in the 
’peculiars’ corresponds to the sporangial stage in the normals, as indicated 
by the formation of sexual cells in the sporangia of the hybrid. There is 
no segregation in this respect. After the cross all gametophytes from the 
hybrid and from the normal progeny as well as the ’peculiars’ show the 
process. 

Since a single gene, which no doubt arose by mutation, causes the drastic 
alterations of the normal sequence of events which we see in the ’pe- 
culiar’, it may be expected that other alterations of the life cycle have 
appeared or may appear in a similar way. By analogy with the mutation 
process in other organisms, the reverse mutation may occur, i.e. from the 
recessive to the dominant type and it is reasonable to contemplate shifts 
and drastic alterations in the life-cycle as a whole arising by gene mutation 
and leading to the life-cycle seen in the present day ferns. 

§9. General considerations. — As showm above, the genetical ana- 
lysis of ferns has only just begun in a few species, but the rich variation 
in many characters which is shown by so many of the present day fern 
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species will furnish good material for genetical investigations ; they have 
also the advantage over the Angiosperms that the gametophytic gener- 
ation is well developed. It is possible to keep a gametophyte almost 
indefinitely by subdivision, and to use it repeatedly both for self-fertili- 
sation and for cross-fertilisation. The comparatively simple mode of 
growth in the gametophyte makes it favourable for the investigation of 
the time and mode of development of such characters as may express 
themselves at this stage of the life cycle. In the Leptosporangiates more- 
over the spore-content of a single sporangium shows by its progeny the 
nature of the sporophytic cell from which it was derived, and we can 
draw conclusions as to what has happened at the reduction-division in the 
16 -cell stage, which gives rise to the characteristic number of (usually 

. ^^Now that we have a satisfactory technique for the production of hy- 
brids and can breed the progeny under controlled conditions, we may be 
able to answer some questions concerning the evolution of ferns, and the 
causes of their different ontogenetic development. We have a means^ of 
analysing the mode of inheritance of separate characters and of drawing 
conclusions as to what new types may be produced by recombination of 
existing genetical factors. With a knowledge of the relation between 
phenotype and genotype we may also reach conclusions on developmental 
problems such as the working of the different meristems and whether 
they are independent, or how far correlations in development limit the 
possibility of the appearence of new_ characters. Finally, genetical experi- 
ments with ferns may contribute to a better understanding of the processes 
which lead to alternation of generations and alternation of nuclear phases, 
and the relation between the two; and of the causes which lead to the 
higher development of the one or the other generation. 


Chapter X 


GROWTH, TROPISMS AND OTHER MOVEMENTS 

by 

H. G. DU Buy (College Park, Md.) and E. L. Nuernbergk (Freiburg i, B.) 

Introduction and review of the main literature. — To understand 
the growth and tropistic moYemenis oitlit Ptendophytae^) with their great 
variety of forms, their presence in extremely different environments, from 
water to deserts, would require far more analytical data than there are 
now available. Furthermore, the presence of an alternation of generations 
means that each phase in the life history may develop under different 
environmental conditions : i.e., a heterotrophic generation alternates 
with an autotrophic generation. It is therefore necessary not to gener- 
alize from conclusions drawn from experiments on some specialized 
form, nor to apply indiscriminately the same growth-scheme to all 
plants, as has been done during the development of the theory of growth- 
substances. 

Only by careful application of the theory of growth regulation by 
chemical substances (a theory originally developed for the growth of a 
particular plant organ, and therefore frequently opposed in its wider 
application) will it be possible to see if and how far the several growth 
types found in ferns fit into this scheme. 

The literature deals (1) with the development and growth of the pro- 
thallium and sex organs, and (2) with the development of the leaves, mainly 
from the point of view of systematics. Where the growth of these two 
phases depends on different environmental factors, we shall deal with them 
separately. 

The earlier literature is indicated in the two standard works of Sachs 


The nomenclature here followed is that of Christensen ’s “Index Filicum". 
In many cases cross-references indicate the equivalent scientific names employed 
by writers in plant physiology. 

J. Sachs: Lehrbuch der Botanik, 4th ed. Leipzig (1874), 
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and CxOEBEL i) . Other parts of this Manual deal with later literature in which 
the physiological part is only of incidental importance. 

Publications dealing mainly with related problems are: Hofmeister 2 )^ 
Banke, de Bary, Goebel Kny, Leitgeb ^), Prantl ^), Heim, Perrin, 
Reed, Laage, Nagai 

The chief recent work on the physiology of the fern gametophyte is that 
of Klebs ^), who dedicated several years to the analysis of factors 
influencing the growth of the gametophyte. His extensive work cannot be 
adequately summarized in this brief review. 

L Growth of the gametophyte 

The gametophyte is very suitable for investigations on growth and 
development, because the development from spore to young prothallium 
which forms the sex organs shows a succession of stages in which cell 
division takes place in three different directions: 

1 . the spore forms a rhizoid and a more or less elongated germination 
tube by transverse cell division only; 

2. a prothalliura plate is formed by longitudinal cell division; . 

3. finally cell division in the third dimension forms a many layered 
young prothallium. 

§ 1. Growth of prothallia. — 1) Normally the prothallia are 
simple heart-shaped because all the marginal meristematic cells develop 
from an initial edge-shaped apical cell and continue to function during the 
whole development. This is called marginal growth. 

K. Goebel: Grundziige der Systematik und speciellen Pflanzenmorphologie, 
Leipzig (1882) ~ Outlines of classification and special morphology of plants, Ox- 
ford (1837). - Vergleichende Entwicklungsgeschichte der Pflanzenorgane, ,,Enzy- 
klopadie der Naturwiss. p. 99-432”, Berlin (1883). 

®) \V. Hofmeister: Die Lehre von der Pflanzenzelle, Leipzig (1867). 

q See notes on p. 305, 307 and 310. 

h C. Heim: Untersuchungen liber Farnprothallien, Flora (Jena) 82, 35, (1896). 

A. Laage: Bedingiingen der Keimung von Farn- und Moossporangien. Diss. 
Halle (1906). See also: Beih. Bot. Cbl. 21, I, 76-115 (1900). 

I. Nagai: Physiologische Untersuchungen iiber l^arnprotliallien. Flora (Jena) 
106, 281-330 (1914). 

G. Perrin : Influence des conditions exterieures sur le developpement et la sexu- 
alite des prothalles des Polypodiacees. C.r. Acad. Sci. Paris 147, 433-435 (1908). 

PL S. Reed: The value of certain nutritive elements to the plant cells. Ann. of 
Bot. 21, 501-543 (1907), 

^) G. Klebs: Zur Entwxcklungsphysiologie der Farnprothallien. I, II, HI. 
Sitzsber, Heidelberg, Akad. Wiss., Math.-naturw. Kl. 1916, B4; 1917, B4, B7 
(1916/1917). 

h The behaviour of rhizoids of this origin is not necessarily the same as that of 
rhizoids of the full grown prothallium. 
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2) Other types : In the Hymenophyllaceae growth is mainly apical. The 
apical meristem, however, increases in breadth. After some time the central 
part becomes adult and stops growing. Therefore two meristems remain. 
The first grows in the direction of the old shoot, the second forms a lateral 
shoot. This prothallium is then similar in shape to analogous organs of 

lower plants e.g., 

Osmundaceae develop in the same way but several other parts of the 
meristem stop their growth. 

3) Vittaria and Mono gramma'^); Anogramma. Young spatula-shaped 
prothallia are in the beginning meristematic in their proximal region, later 
only on both sides. Under the meristem develops (as in Gymnognvnmie) a 
reproductive axis w’^hich grows in the soil and bears the archegonia ^). (The 
reproductive axis of some ferns serves only for perennation.) 

In Anogramma the prothallia when inadequately nourished form only 
adventitious structures. When well nourished they also form archegonia. 

Similar is the behaviour of other species, e.g., Blechmm, Ceratopteris, 
Gymnogramme, Polypodium, and Perrin 2 ) as well as Czaja stated that 
a scant nutrition or one that lacks nitrogen, yields uni-sexual male pro- 
thallia, while plenty of nitrogen produces hermaphrodite prothallia. In a 
solution without nitrogen the development takes no normal course at ail ^ 
(Prantl ^)). 

Besides this the male and female sexual organs develop better in dim 
light, whereas in strong light only antheridia are produced. Likewise, 
they are influenced by different spectral colors, e.g. red light produces 
exuberant, mostly unisexual cultures (Perrin ^)). 

When prothallia of Anogramma die, the fertilized egg cells draw nourish- 
ment from the vegetative tubers. The development of the germinating 
plant inhibits in this case any vegetative growth of the tuber (Cf. p. 306). 
The tuber can also function as a resistant stage. 

Influence of '‘hormones’' on the development of prothallia, — Meyer®) 
mentions that the spores of Pteridophyta contain more “growth substance'’ 
than other parts of these plants. However, at present we do not know 


0 K. Goebel; I. Ueber epiphytische Fame und Muscineen. Ann Jard. bot. Bni- 
tenz. 7, 1~73; II. Ziir Keimungsgeschichte einiger Fame. Ibidem p. 74-119 (1888). 

“) See note p. 304. 

K. Goebel: Organographie der Pflanzen,: 2nd part, 3rd edit. p. 1101 Jena 
(1930). 

‘^) A. Th. Czaja: Ueber Befruchtung, Bastardierung und Geschlechtertrennung 
bei Prothallien liomo.sporer Fame. Z. Bot. 13, 545-589. (1921). 

q K. Prantl: Beobachtungen iiber die Ernahrung der Farnprothallien und der 
A^erteilung der Sexualorgane. Bot. Ztg. 39,' 953 (1881). 

®) F. Meyer : Ueber die Verteilung des Wuchsstoffes in der Pflanze wahrend 
ihrer Entwicklung. Diss. Frankfurt a.M. (1936), p. 34. 
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an\/tlung about the possible inf luence of that peculiar growth substance on 
the development of the prothallia originating from these spores. 

On the other hand, a few investigations have been made with hormones 
applied to fern prothallia by means of culture-media or nutrient solutions. 
For instance, concerning the influence of follicle-hormone (Progynon = 
CjgHaaOa) Orth made some experiments. It was impossible to state any 
effect on the ratio between the two sexes in prothallia of Gymnogramme, 
Blechnum, Ceratopteris B.nd Polypodmm, ]nst B.s little as in Angiospermae. 
As it has been shown above, this ratio depends much bn the nutrition and 
is changed in favour of the archegonia, if much nitrogen is available. 

A favourable influence of Progynon is seen only in prothallia of 
Equisetum, where this hormone supports a better development of the 
rhizoids, especially of the first rhizoid of the spore, and besides that, a better 
stretching growth and generally a more exuberant development of the 
prothallia. Owing to this effect the ratio between the number of produced 
archegonia and antheridia rose to the optimal amount of 50% to 50%. 

Regeneration in prothallia. — When a heart-shaped prothallium is cut in 
two parts, these parts do not regenerate, but the growing point enlarges 
and forms a new lobe. 

When the whole growing point (all the embryonic cells) is removed, 
many adult prothallium cells grow out into new prothallia. This shows that 
embryonic tissue can be regenerated, and that the presence of a part of a 
growing point inhibits the outgrowth of adult prothallium cells into new 
prothallia (cf. p. 3G5 '‘tubers of Anogramma'). 

According to Gratzy-Wardengg^) this phenomenon is related to 
the presence of an osmotic gradient in prothallia. A maximum of both, 
the osmotic value and the suction force exists in the growing point, 
where the strongest meristematic cell division occurs, moreover it can 
be observed in the neighbourhood of the embryo or of the initial cells in 
regeneration. Toward the base of the prothallium both osmotic factors 
dimmish gradually, hence it may be assumed that every embryonic tissue,** 
growing points as well as points of regeneration, acts like attracting points 
with regard to the substances necessary for growth. Therefore, these 
substances are not available any longer for other parts of the prothallium 
tissue. 

§ 2. Development of dorsiventrality. — Tropisms of the Gametophyte, 
— The Filicinae show very clearly that a dorsiventral organ does not need to 

b H. Orth: Die Wirkung des Follikelhormons auf die Entwicklung der Pflanze. 
Z. Bot. 27, 565-607 (1934). 

“) K. Goebel: Ueber Regeneration im Pflanzenreich. Biol. Zbl. 22, 385-397, 
417-438, 481-505 (1902). 

®) S. A. E. Gratzy-Wardengg: Osmotische Untersuchungen an Farnprotlialli- 
en. Planta (Berl.) 7, 307-339 (1929). , 
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consist of several cell layers. A single, apparently symmetrical (radial) cell, 
or a single layer of cells may exhibit dorsiventrality. Secondly the ferns 
show that dorsiventrality is very dependent on environmental conditions. 
This confirms the saying of PrantlI) that there is practically no part of a 
plant whose future shape is more determined by environmental conditions. 

Injhience of environmental conditions, especially 'of light. — Whereas the 
germination tubes mostly show positive phototropism, stages 2 and 3 (see 
p, 304) are plagio-phototropic and show labile dorsiventrality. This labile 
dorsiventrality is emphasized hy l^bvv^).lx^Matte^icciaSfnithiopterisBXid 
other Filicinae, prothallia are often formed which bear antheridia, 
archegonia, and rhizoids on both sides. In most cases, however, the 
rhizoids and archegonia, and partly also the antheridia, are produced 
on the nonilluminated side of the prothallium (cf. p. 310). 

Influence of light. — The influence of light on the prothallia begins during 
germination (see further below). For instance, in Equisetum the first cell- 
wall of the germinating spore always develops perpendicular to the gradient 
of light-absorption,, the more strongly illuminated daughter cell becoming 
the first prothallium cell, the more weakly illuminated the rhizoid-ceU 
(Stahl®)). In this case, the first visible influence of light consists of an 
atraction of the chromatophores to the lighted side of the spore, followed 
by the turning of the nuclear spindle axis parallel to the direction of 
the light (Nienburg^)). 

However, this cannot be applied to the germination of other fern-spores, 
in which the point, where the first rhizoid develops is not influenced by 
light (Goebel ^)). 

Leitgeb ®) stated that the more strongly illuminated side alw^ays turns 
out to be the dorsal side. Goebel ®) gives a detailed description of the 
development in Adianium. In light of sufficient intensity the positively 
phototropic germinating tube develops into a two-dimensional prothallium, 
^yhich places its surface at right angles to the direction of the light rays. 
It shows so-called transverse phototropism. There are also prothallia which 
develop directly from the spore into a cell plate (Leitgeb ®), Goebel®)). 

In Ceratopteris this two dimensional cell plate shows at first positive 

K. Prantl: Ueber den EinfluB des Lichtes auf die Bilateralitat der Farn- 
prothallien. Bot. Ztg. 37, 697 (1879). 

“) W. Dopp: Untersuchungen iiber die Entwicklung von Prothallien einheimi- 
scher Polypodiaceen. Pflanzenforschung, No. 8 (Jena 1927). 

®) E. Stahl: EinflnB des Beieuclitungsrichtung auf die Teilung der Equisetum- 
spore. Ber. dtsch. bot. Ges. 3, 334-340 (1885). 

‘^) W. Nienburg: Die Wirkung des Lichtes auf die Keimung der Equisetum- 
spore. Ber. dtsch. bot. Ges. 42, 95-99 (1924). 

®) K. Goebel : Ueber die Einwirkung des Liehtes auf die Flachenentwicklung der 
Farnprothallien. Rec. trav. bot. neerl. 25 A, 122 (1928). 

®) H. Leitgeb : Studien iiber die Entwicklung der Fame. Sitzgsber. Akad. Wiss. 
Wien, math.-naturw. Kl. 80, I, 201-227. (1879). ■ 
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phot otropism and at a certain stage of development goes over to transverse 
phototropisni. In Osmunda regcdis the cell plate shows transverse photo- 
tropism from the beginning. 

1. T h e d e p e n d e n c e o f developmental g r o w t h o n 
the wavelength of light. 

A . Germination of spores. Germination of spores under normal conditions 
takes place in 4-20 days. The germination of the spores of Dicksonia 
independent of the wavelength of light. The spores of Equisetnm arvense, E. 
palustre and Eteris longijolia do not germinate in the dark and in infra red 
(Schulz ^)), and are dependent, like the spores of Pteris longijolia, on the 
wavelength and on the intensity of the light. 

According to Klees ^), red and green light have a favourable effect, whereas 
blue and violet light bring about an inhibition, although this is dependent on the 
intensity (Stephan, fig. 4)»). 

However, Orth recently stated that this is not the rule for all species. 
All spores of ferns are capable of germinating in light, and Orth could 
not find any spore germination when kept exclusively in darkness. For in- 
stance, Pteridium aquilinum, a sun-fern germinates well in light of 
every wave-length (esp. of 5500 A) and endures high light intensities. Athy- 
rium Filix-femina 2 eaADryopteris Filix-masgevmmd±e 'we\\m light of short 
wavelengths the intensity of which may be low or high. This group of 
ferns belong to the red-green-shade-plants. 

In all species red, yellow and green light (esp. 7100 and 5700 A) stimu- 
lates germination as well as growth of the germination tube, but the wave- 
lengths about 7500 A- 10,000 A and 4900 A-6, 000 A are inhibiting. Out of 
these experiments we may conclude: light of wave-length exerts 

a influence on the germination and differentiation of fern-spores. 

Furthermore, the age of the spores plays an important role with regard 
to the germination, for instance, Equisetums^oiies, old^x than 4 weeks, do 
not germinate. X-rayed spores of Polypodium aureum seem to develop 
in an abnormal way (Knudson 1934) ^); in any case their chloroplasts 
develop into giant plastids which have often a diameter of about 22 (i. 

h W. Schulz: Ueber die Einwirkung des Lichtes auf die Keimfahigkeit der 
Sporen der Moose, Fame und Schachtelhalme. Beih. Bot. Cbl. 61, 81. (1901/02). 

2) See note p. 304. Compare also : A. Burgerstein: EinfluB des Lichtes verschie- 
dener Brechbarkeit auf die Bildung von Farnprothallien. Ber. dtsch. bot. Ges, 
26a, 449-451 (1908). 

^) J. Stephan: Untersuchungen iiber die Lichtwirkung bestimmter Spekfral- 
bezirke und bekannter Strahlungsintensitaten auf die Keimung und das Wachstum 
einiger Fame und Moose. Planta (Berk) 5, 381-443 (1928). 

h R- Orth: Zur Keimungsphysiologie der Farnsporen in verschiedenen Spek- 
tralbezirken. }b, Bot. 84, p. 358-426 (1937). Cf. A. Seybold : Ueber den Lichtfaktor 
photophysiologisclier Prozesse. Jb. Bot. 82, 741-794 (1936). 

*) L. Knudson: Giant Plastids in Ferns Produced from X-Rayed Spores. 
Am. J. Bot. 21, 712 (1934). 
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B. Klebs reports for Pteris longifolia that the prothalliiim cell plate is 
formed mainl}'^ under the influence of blue-violet radiation which increases 
transverse and longitudinal cell division. Regarding Cystoptens fnigilis, 
Mussack^) states that the flat, thin prothallium develops perpendicularly to 
the direction of the light (lens-shaped cells?). In light of shorter wave- 
length the growth by stretching increases, while in light of longer wave- 
length transversal cell-division is intensified. 

Stephan ^) defines the influence of the several spectral colors on Dick- 
soma anfarctica Q.nd Pteris longifolia more clearly. He observes that in 
all wavelengths > 6000 A there is no development of prothallia at all, and 
that this occurs only in parts of the spectrum > 5800 k. Typical growth 
with wedge shaped apical cells at the vegetation point requires blue light 
of a wavelength of about 5000 A. Like germination these processes are 
dependent on the intensity of the light, but also in this case plants of 
different types show a different behaviour. In most cases the longer 
wavelengths increase the stretching of the cells and the shorter wavelengths 
have an inhibiting effect. In Eqnisetum however, the shorter wavelengths 
increase the stretching of the cells. Closer investigation of this problem 
would be worth while in relation to phototropism. 

The influence of the wavelength and the intensity of the light on the 
chain of processes causing cell division is even more variable, so that except 
for the general rule that the shorter wavelengths on the whole increase the 
cell division, no further generalizations can be made. There are furthermore 
no investigators dealing with the influence of the light on partial processes 
of growth, e.g., on the reversible and irreversible extensibility of the cell 
wall etc. (DU Buy 1933, p. 879) ^) . Although Klebs has laid the foundation 
for the work on the development of fern prothallia, it is impossible to refer 
to his work briefly. This shows, however, the main value of his work 
because he has emphasized the complexity and the variability of the 
above problems from the beginning, a fact which does not make his 'work 
popular, but nevertheless deals with the phenomena in an adequate way. 

2. T h e d e p e n d e n c e of t ran s v e rse phototropism 
on the w a v e 1 e n g t h o f 1 i g h t. Development of dorsiventrality 
and phototropie behaviour also seem to depend on light of wavelength 
< 5500 A (of. above). 

Leitgeb ®) states that young prothallia of Ceratopteris thalictroides 
develop dorsiventrality and show positive phototropism when the cultures 


0 See note p. 304. 

A. Mussack; Untersuchungen iiber Cystopteris fragiUs. Bot. Cbl. 51, I. 

204-254 (1933). 

See note p. 308. 

H. G. DU Buy: Ueber Wachstum und Phototropismiis von Avena saliva. 
Rec. Trav. bot. neerl. 30, 798. (1933). 
q See note p. 307. 
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are placed under a glass jar containing K 2 Cr 207 solution or ammoniacal 
cupric oxide solution. Both solutions are transparent for wavelengths 
about 5250 A and shorter. 

Klebs grew prothallia of Pteris longifolia under red glass, transparent 
from infra-red to 61 00 A and a little yellow and green. The prothallia develop 
bilateral symmetry, grow rhizoids and antheridia on both sides, and show 
no pronounced transverse phototropism, but grow up from their sub- 
sti'atum. According to Stephan 2), this can be explained thus: the develop- 
ment of the prothallium is due to the transmitted yellow-green light, but 
not enough of the shorter wavelengths were transmitted to cause dorsi- 
ventrality and hence the normal transverse phototropic behaviour. 

3. Reversal of d o r s i v e n t r a li t y b y light. When Os- 
munda prothallia are illuminated from below, the ventral side becomes 
concave. When growth is rapid the curvature can be so great that the 
meristematic layer grows towards the light. In this case no change in dorsi- 
ventrality occurs. When growth is less rapid the curvature is not great 
enough, and the dorsal side remains longer in the shadow. In this case the 
dorsiventrality will be changed, the curvature decreases, and the pro- 
thallium forms rhizoids and arehegonia at the former dorsal side This is 
shown by Leitgeb (1879) in Ceratopteris and by N£:mec in Gymno- 



Influence of gravity and other tropisms. — Almost nothing is known con- 
cerning the influence of gravity and other tropisms on prothallia. Only 
Leitgeb ^), assumes some influence of gravity on the development of the 
embryos of macrospores of ikfarsf/M. The macrospore always germinates in 
a nearly horizontal position, hence, the small prothallium also lies hori- 
zontally. After that, the first division of the fructified eggcell takes place 
in such a manner that the new cell wall will be situated in the direction of 
the archegonium axis, the plane of the wall being placed more or less at 
right angles to the direction of gravity. ■ 

As the Upper cell later on produces the first leaf and the shoot, and the 
lower cell develops the roots, the whole embryo will grow up verti- 
cally. However, it may be observed that the real influence of gravity on 
the whole development of the embryo is restricted solely to the germi- 
nation of the macrospore, for macrospores germinated beforehand and then 
brought in such a position that the direction of the archegonium axes 

1) See, note p. 304, '■ ■ 

See note p. 308. 

Compare the labile polarity^ p. 306. 

'^) See note p. 307. 

B. Nemec: Die Sym metric verhSlltnisse und Wachstnmsrichtungen einiger 
Laubmoose. Jb. Bot. 43, 501 (1906). 

H. Leitgeb: Zur Embryologie der Fame. Sitzgsber. Akad. Wiss. Wien, Math, 
natnrw. Kl. 77, I, 222-242, (1878). 
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points vertically upwards, will develop their embryo axes likewise not 
vertically but horizontally. 

Generally it may be stated that the influence of light on the development 
of prothallia is by far the most important of all, because without light, 
usually no development of the prothallium plate occurs, but only a more 
or less elongated tube is formed. In this respect the behaviour of prothallia 
is very different from that of the gametophyte of Hepaticae where not only 
light, but also gravity and other environmental factors (moisture : hydro- 
tropism) influence shape and direction of growth to a considerable amount. 

§ 3. Growth of the rhizoids of the full grown Gametophyte. — 

Concerning the growth of the rhizoids of prothallia' it may be stated that 
they have the same physiological features as the rhizoids of the Hepaticae, 
i.e. they react to light, gravity, moisture etc., and have apical growth (like 
the root hairs of the Spermatophyta). The sole difference consists in the 
fact that in ferns there are no cone-shaped rhizoids. Nearly all fern 
rhizoids are unicellular, except for instance the rhizoids of Danaea 
according to Brebner^). 

Movements of the rhizoids of the full grown Gametophyte, 

Phototropism of prothallium rhizoids of Equi- 
s e t u m. According to Stahl and Buchtien the rhizoids of Equisetum 
are slightly negatively phototropic in low light intensities and strongly 
negatively phototropic in higher intensities. Stephan on the contrary 
reports that the rhizoids are always positively phototropic to light of low 
and of high intensity (sun). This discrepancy can be interpreted in ac- 
cordance with the hypothesis of du Buy-Nuernbergk ^). This is: 
“light which increases the growth of a radial organ above that which 
occurs in darkness will always cause negative phototropism, provided that 
the absorption differences of the light are great enough''. 

Phototropism and Geotropism of prothallium 
rhizoids of Filicinae. According to Leitgeb ^) the older liter- 
ature mostly states that the rhizoids of Filicinae are negatively pho- 
totropic. Bischoff ®) showed that this is not proved. Leitgeb only stated 

See G. Haberlandt: Physiologische Pflanzenanatomie, 6th ed. Leipzig 1924, 
p. 209. 

2) 0. Buchtien: Entwicklungsgeschichte des Prothalliums von Equisetum. 
Bibliotheca hot. No. 8. Stuttgart (1887). E. Stahl: EinfluB der Beleuchtungsrich- 
tung auf die Teilung der EquisetumS'pox&n.. Ber. dtsch. hot. Ges. 3, 334—340 
(1885). 

*) See note p. 308. 

H. G. DU Buy and E. Nuernbergk: Phototropismus iind Wachstum der 
Pflanzen I. Erg. d. Biol. 9, 358. Berlin (1932). 

See note p. 307. 

®) H. Bischoff: Untersuchungen liber den Geotropismus der Bhizoiden. Beih. 
Bot. Cbl. 28 I, 94 1912). 
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that the rhizoids are always formed on the shaded side of the prothaliium, 
and grow out ‘‘exotropically"’, i.e. regulated by symmetrical internal 
factors. The prothallium itself is transversely phototropic and since the 
rhizoids grow out at right angles to its surface it looks as if the rhizoids 
were negatively phototropic. 

It remains to be proved that they are not aphototropic, particularly 
because Bischoff followed the same line of thought. He showed that 
prothallium rhizoids of Filicinae are not geotropic. The rhizoids grow out 
independent of the direction of gravity. 

IL Growth of the Sp or ophyte 

As in other vascular plants, i.e., the Spermatophyta, we have to dis- 
tinguish in the Pteridophyta between root, stem and leaves, (= fronds) all 
three together composing the plant body (“Kormus''). Of these three ele- 
ments the leaves of ferns show the most remarkable features and there- 
fore, their growth and behaviour have been mostly investigated. On the 
other hand, concerning the stem and root of the Pteridophyta, both dif- 
fering little or not at all from the corresponding organs of the Sperma- 
tophyta, nearly no investigations are known, which deal particularly 
with mechanism and physiology of their growth. That is why we shall 
deal mainly with growth and tropisms of the leaves of ferns in the fol- 
lowing paragraphs. The terms stipe (= petiole) and lamina (= blade) 
as parts of the frond (leaves) will be used synonymously. 

§ 4. Growth types in Filicinae. — To begin with the growth of the 
roots, it may be sufficient to mention the statement that Pteridophyta 
roots grow similarily to the roots of Ephedra vulgaris, both belonging to a 
special kind of growth-type. According to Porodko ^) this growth type is 
distinguished from the usual growth type of roots (compare further on 
p. 3 13, 314) by the fact that the growth is nearly exclusively apical ®), and 
the middle part of the root almost lacks growth. 

According to Goebel ^), the form and mode of development of leaves 
in Filicinae are much more variable. Compare for example, the small leaves 
of the Hymenophyllaceae with the very massive leaves oi Angiopteris . Yet 
the early stages in the development of these different types of leaves have 
much in common as can be shown by a comparison of primary and pinnate 
leaves. . , 

Some further informations on roots are given by K. Goebel: Organographie 
der Pfianzen, 1st part, 3rd ed., p. 91 Jena ;( 1928). 

H. PoRODKO : Neue Langenwachstypen der Plauptwurzelii. Planta (Berl.) 6, 
234-254 (1928). 

») Cf. W. Pfeffer: Pflanzenphysiologie, vol. 2, p, 6, 10. 2nd ed. Leipzig (1904). 

h See note p. 304 and p. 305, note 3.^ 
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In. some of them the meristematic tissue is marginal (The veins are 
bifurcated which is a necessary consequence of this type of growth). 

In others, leaf formation is due to a meristem limited to the apex which 
produces the lateral pinnae by monopodial branching, when branching 
occurs. 

The following types can be recognized. 

(34) The young plant begins with a cotyledon which has marginal growth 
from the beginning. The leaf or only the veins of this cotyledon and of the 
primary leaves show bifurcational branching [Marattiaceae, Osmundaceae). 

(B) The apex of the leaf grows constantly in one direction, and later 
marginal growth appears, (For instance all ferns which show long stretched 
leaves with many lateral parts, e.g. some Adiantum species). 

(C) Apical growth may persist through several vegetative periods, 
e.g. many Nephrolepis, Hymenophyllaceae, Gleicheniaceae, Lygodmm. 
(The results obtained on tissue-cultures make it probable that we are 
dealing in Lygodmm with leaves which show unlimited growth). 

Generally, the apical growth of Filicinal leaves is combined with 
hyponastyof the extreme part of the growth zone thus forming the well 
known curl of the young fronds. In the following part of the growth zone 
hyponasty is replaced by epinasty which on its part causes the unrolling of 
the leaf (see fig. 4 and 5 Di; cf. also p. 320). 

The hyponastic curling of the infant apex is not always to be found in fern- 
fronds. Goebel (p. 1183) 0 mentions some cases, e.g., Ptevis serndata, P. cretica 
and P. umbrosa, where, notwithstanding the apical growth, the laminar part of the 
frond is stretched, and only the stipe shows a sharp curvature. We shall deal with 
this subject again on p. 321, To another type of an uncurled leave belongs further 
the frond oi Adiantum uni forme. 

A comparison with other plants is helpful in understanding the tropistic 
responses of ferns. The causa! analysis of growth and tropisms has been 
worked out in the greatest detail for apical growth types of Angiosperms. 
As a result of this work it can be concluded that the primary step in 
analysis is to determine the growth type of the plant. 

According to du Buy and Nuernbergk (1932-1935) at least four api- 
cal growth types can be distinguished: 

1. Avena-type. Here growth is distributed over the [whole coleoptile 
and is regulated principally by auxins, produced only in the tip. When the 
tip is removed, growth nearly sfops. Only after some hours a temporar}’ 
regeneration of auxin production occurs. 

2. HelianthusAype. Here growth is also distributed over almost the 
whole seedling. When the tip is removed, however, both tip and base 
continue to grow. Growth is regulated by substances produced by all non- 
adult cells which are distributed over the whole plant. These cells preserve 
their embryonic state for several days. 


q See note p. 305. 
See note p. 31 1 . 
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3. Vicia-iype. Growth takes place only at the apical part of the plant. 
When the tip is removed, no growth can be found. Growth is regulated by 
substances which are produced only by non-adult cells found only in the 
apical part. They remain in this embryonic state for only a short time. 

4. Root-type. This type resembles more or less the F^cm-type, but the 
growth zone is a little bit more extended (cf. also p. 312). 

Fern leaves of growth type C show the features of the third group, 
the F'^aVtype. A few general conclusions concerning this point are 
given below. A more elaborate report will be given elsewhere, 

Osmunda, Polypoduim, Asplenium hulhifentm and related species. Thtre 
are many papers dealing with their development from a morphological 
point of view, relating the shape of initial cells with the shape of the 
leaves, etc. (Giesenhagen, Helm) ^). They occasionally mention the even- 
tual change in shape resulting from a change in external conditions ^). 
However, there is no mention made of the relation between shape and 
the action of growth regulators, etc. We give here some of our data. 

The fern showing the features of growth type B, has limi- 

ted apical growth. Since lateral leaflets are developed later and in 
the lower part of the petiole, the cells of the petiole must remain longer in 
an embryonic state. This is shown by a longer growing region, and an 
occurence of curvature after application of auxin ^) over this whole region. 
The whole development of the leaf takes place in 20-30 days, at about 20° 
C. After this time, growth stops and the application of auxin no longer has 
an effect^). 

Praneerd ^) is the only investigator who gives more detailed data 
regarding the development of A bulbiferum, a growth type similar 
to Dryopteris. To quote the author : 'Three phases may conveniently be 
distinguished in the life-history of a fern frond: the first or infant phase 

0 K. Giesenhagen: Asplenium viride liuds. forma d ae datum r 'Em BeitT^g zur 
Entwicklungsmechanik des Farnwedels. Flora (Jena) 123, 105-132 (1928). 

J. Helm : Anlage und Fntwicklung des Blattes von Trichomanes bimarginatum 
V. D. B. Planta (Berl.) 23. 442-473 (1935). 

2) Cf. K. Goebel: Morphologische und biologische Studien XIII, Weitere Un- 
tersuciiungen iiber die Gmppe dei Drynariaceae. Ann. jard. hot. Buitenz. 39, 117- 
126. t,1928,).' • 

3) Detailed reference to the growtli substance '‘auxin" is given by du Buy- 
Nuernbergk in “Phototropismus und Waciistum der Pflanzen, I, II, III" (Er- 
gebn, d. Biologie, vol. 9, 10, 12. Berlin 1932, 1934, 1935). 

^) It may be mentioned here that the growing apex of Dryopteris moves in 
small circumnutations. (Ch. Darwin : The power of movements in plants, London 
1880. Gf. the German translation: ,, Das Bewegungsvermdgen der Pflanzen", 2nd 
ed. Stuttgart 1898, p. 54, 217). 

®) T. L. Prankerd; On the irritability of the fronds of Asplenium bulbiferum 
with special references to graviperception. Proc. Roy. Soc. London 93 B, 143-152 
(1922). 
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when the apex of the frond is curled, the second or adolescent phase, from 
the time when the first leaflets appear beneath the apical coil, until the 
frond is quite uncurled, when the third or mature phase is reached''. 
(Cf. Prankerd, p. 147, fig. 4). As we have seen, this mode of development 
holds only for growth type B. Prankerd's third stage, for instance, is 
never reached by growth type C. 

Furthermore, she has proved definitely that there a is real difference 
between the first and second stages except in the development of the leaf, 
a morphological feature. The author gives no data concerning the distri- 
bution of growth over the whole plant during its development. This makes 
a further analysis of the causes of the differences in “heliotropic and 
geotropic irritability" etc., in the two phases more difficult. 

Several experiments have been made by us on the growth of Nephrolepis 
cordifoUa. Fig. 1 and 2 
show that, the growth of 
Nephrolepis — and similarly 
of Osmtmda etc. — either 
in the light or in the dark 
(green house or dark room; 
see in connection herewith 
fig. 3), takes place in the 
apical part of the plant. The 
zone of maximal elonga- 
tion is always l~2cmfrom 

the tip. Therefore in young i._ Typical apical growth curve (Nepkrolepu 
plants, the growth seems to The different lines represent the growth 

be basal (1 cm from the tip), curves of the different zones. New zones have been 

r, ) . r 7 added gradually. The arrow indicates the develop- 

afterwards the zone of maxi- ment of the first pair of lamiaae. 

mal elongation shifts to the 

middle part and the tip (cf. fig. 2). When the tip is removed no growth can 
be found. Growth is regulated by cells in an embryonic state (cf. fig. 3E) and 
only occurs in the apical part. Several interesting conclusions can be drawn : 

1. The Pteridophyta which belong to this physiological group show 
the same features of growth as higher plants, whereas the growth of the 
cells of Bryophyta, as far as they have been investigated, cannot be chang- 
ed by auxin or by decapitation, but results from the individual growth of 
each cell (see Manual of Bryology, p. 222, 224, 228)^). In Bryophyta, 
therefore, the growth resembles the growth of cells of lower plants. 

2. A tropistic curvature can only be produced in the apical part, 
depending on , the properties of the growth type to which the fern belongs. 
This curvature will not shift to the base and is fixed easily. 

3. We can expect, furthermore, that the mobility of the growth re- 
gulators is not great. This has important consequences for photo- and geo- 

q Cf. also DU Buy-Nuernbergk 1935, p. 336 following (see p. 3 14). 
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tropic “sensitivit}.’^'', for the validity of the theory of Blaauw etc. After 
removal of one lateral half of the tip, only the cells under the undamaged 
part grow, due to the production of growth regulators by this part (fig. 5C). 
The curvature of the damaged part is partly due to exsiccation. The cells 
show curvature only while they are young (1-2 cm from tip). This zone of 
non-adult cells is also the zone where unilateral application of growth 
substance causes a curvature (fig. SE;F). Application of growth substance 
on other parts has no effect (fig. 5G) . 

§ 5. Influence of darkness (etiolation) on growth. — As in 

phot otropism (see further below) the general influence of light on the 
growth of fern leaves is comparatively small. For the most part it is ef- 
fective only, when lasting for a longer period. Then, for instance, lack of 
light produces an etiolation which shows different aspects in the different 
species even of the same family. 

With regard to the Polypodiaceae Hommer ^) stated that etiolated 
fronds of Polystichum aculeatum, Dryopteris Filix-mas, and W oodwardia 
radicans are longer than normal, whereas these fronds are shorter in Poly- 
stichum adiantiforme, Asplenium Uneolatum, Adiantum cuneatum, A, 
gracillimum, Blechmm brasiliense, B. occidentale, Doodia aspera, Dryopteris 
dentata {Nephr odium molle). Polypodium Reinwardtii and Pteridium aquF 
Unum. 

The lamina is always reduced in the etiolated state, some species {Doodia, 
Adiantum cuneatum) have no leaves at all. The leaves often show hyponas- 
ty (cf. p. 321), e.g., the small leaves of Adiantum gracillimum, Asplenium 
lineolatum, Pieridium, and in many species the petioles develop even farther 
and owing to this their number is reduced. 

Usually, the leaves of the etiolated plants remain green, as ferns (like 
conifers) are able to form chlorophyll even in darkness; only in Pteridmm 
white fronds have been observed. 

Regarding the stipes of etiolated fronds the size of their cells often 
increases {Polystichum aculeatum), as well as the number of cells, if the 
fronds have developed to a greater length (see above). Generally, in etio- 
lation all cells represent a kind of infant stage, and on this account no 
development of spores occurs in etiolated leaves. 

Summarizing it can be stated that the behaviour of ferns when etiolated 
does not differ much from that of dicotyledonous plants. 

§ 6. Phototropism of leaves. -- The phototropism of leaves growing 
in the light is not great. According to Prankerd ^) the ''heliotropic irritabili- 
ty'’ in Asplenium begins in the 'Infant" stage, reaches a maximum in the 

M. Hommer: Ueber das Etiolement bei Farnpflanzen und die Ursachen des 
Etiolements ini allgemeinen. Bot. Arch. 14, 1-46 (1926). 

2) See note p. 314. 
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"'adolescent'’ stage and ceases early iii the “mature” stage. This is, 
however, only true for ferns belonging to a similar growth type. As is 
shown in fig. 4 the phototropic response runs more or less parallel with 
the growth of the reacting leaf. 

The dorsiventrality of the leaves causes a different “sensitivity” to light 
coming from different directions, as described by Prankerd. When the 
young frond is placed abaxialiy to the light, a curvature of about 90^ is the 
result; when the young frond is placed adaxially, the effects of epinasty 
and light balance each other. iVs a result the backward curve of the fully 
developed leaf is depressed, so that the leaf remains vertical. 

When the light strikes the young leaf at right angles to the plane of the 
leaf, only a slight positive movement takes place. 

From the moment that leaflets are developed, the curvatures are no 
longer pronounced. By adaxial and abaxial illumination the position 
of the leaf in relation to the vertical is respectively somewhat increased or 
decreased. Prankerd mentions also a “diaheliotropistic” movement caused 
by lateral illumination which induces a torsion of the stipe. No photo- 
tropic curvature occurs at this stage of development. 

All these statements hold only for the ferns of the above mentioned . 
growth type, and within this type only for certain species. 

In Nephrolepis, for instance, the younger stages including stages with 
several leaves show curvatures of nearly the same extent following illu- 
mination from the abaxial and the lateral side (fig. 4, A-D). 

After adaxial illumination they show a curvature only of somewhat 
less extent. The size of curvature decreases gradually in older leaves, being 
gradually replaced by torsion. This torsion is dependent on the presence 
of the leaves although the elongation of the stipe is independent of their 
presence (cf. fig. 4, E-G) . Details of this work will be given elsewhere. 

The behaviour of Dryopteris and Nephrolepis shows that the phototropic 
(and as we shall see, also the geotropic ) “sensitivity” seems very variable. 
This is due to the fact that the size of a curvature is taken as a measure 
of the sensitivity. It must be emphasized that a curvature is only the last 
link in the complex chain of processes initiated, for example, by light. 

The term “phototropic sensitivity” has therefore no analytical value 
at all. The case of Dryopteris shows the absurdity of this term : during one 
stage of development it has at least four different phototropic sensitivities! 

We must, therefore, distinguish between the sensitivity of one or more ^ 
of the parts of the whole chain reaction (the curvature) . For example, the 
sensitivity of the photolabile system, the sensitivity of the cell wall to 
changes in the environment, and the sensitivity of the cell wall as measured 
by its ability to react. Only if these distinctions are made further ana- 
lysis will be possible. 

If, for example a single stage of Dryopteris illuminated with the same 
amount of light shows different degrees of curvature (depending on the 



318 H. Cx. DU BUY AND E, D. NUERNBERGK, GROWTH AND TROPISMS 

direction of iilnniination) ; we must realize that the curvatuie never can 
be a proper measure for the phototropic sensitivity, although it undoubtedly 
has one photosensitive system. 


c B, D 2 E F G 

Above left: Fig. 2. — Nephrolepis cordifolia. Gro-sNilioilQ^d in d^iylight. 

In C the marks were replaced. 

Above right; Fig. 3. — A. Leaf developed in daylight. 

B. developped in daylight later in darkness. 

" / C./same as ;B. 

D. Leaf developed in darkness. 

E. Leaf embryo and leaf developed in darkness (notice the small growing point). 
Below left : Fig. 4. — Shadowgraphs of phototropic curvatures of Nephrolepis 

cordifoHa. A-D : abaxial, adaxial and radial illumination of young fronds. 

E and F : Torsions and curvatures of fronds with laminae. The arrow indicates the 
direction of the illu mination. 

Below right : FiG. 5. — Influence of 3-indole acetic acid on fern fronds. 

Da and Dj_; Dryopteris dentata, the others: Nephrolepis cordifoUa. 

Ai, Bi : on tip of decapitated leaf. 

Ao, Ba : after 24 hours. 

C. Longitudinal removal of tip. 

Di. Young petiole without growth regulator. 

■ Da- with growth regulator, 

e“ F, Results after some days of unilateral application of growth regulator. 
G. Result of unilateral application of growth regulator on adult petiole: practi- 
cally no curvature. 
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Using always the developmental stage, only relative values for spectral 
sensitivity, threshold curvature, etc. can be obtained. 

For measurement of phototropic sensitivity, by which is usually meant 
the sensitivity of the photolabile system, we must look for a measurable 
reaction that is independent of structural peculiarities of the plant, e.g., 
the growth reactions. 

For the rest, the literature on phototropism of ferns does not contribute 
to our knowledge of growth reactions, spectral sensitivity, validity of the 
law of Blaauw-Froschel etc. ^). The following, however, may be consi- 
dered: 

The change in the ability of the cell walls to react can be seen from the 
zonal growth curve on p. 31 5. 

By analogy with higher plants of the same growth type it is probable 
that the curvature results from the difference in growth reaction of the 
illuminated and the non-illuminated side (theory of Blaauw in the strict 
sense). Therefore the differences in ''sensitivity'* in very young and in older 
plants finds a satisfactory explanation in the decreased ability of old cell 
walls to react. 

§ 7. Geotropism of fern leaves. — Geotropism of fern leaves is, like 
phototropism, related to growth. The only analysis of this subject is 
contained in the work of Prankerd and of Waight ^) . 

In Asplenium bulbifemm the cells react to gravity except in the last stage 
of development. When the leaves are nearly full grown there remains a 
little growth and only a slight geotropism. In the other stages, however, 
there is a relation between the stage of development of the individual cells 
(and not the rate of growth of the whole plant; see further below) and the 
geotropic reaction. This means that plants of different length can show 
similar curvatures when the stage of development is the same. 

All the experiments referring to this are carried out in the light because a 
few controls showed that growth and reactions are the same in the dark. It 
is interesting that the behaviour of higher plants is different in this respect. 
The geotropic behaviour of ferns should therefore be tested especially in 

For details see du Buy-Nuernbergk 1935 l.c. (p. 314). 

‘h T, L. Prankerd: see p. 314. 

— , — The ontogeny of graviperception in Osmunda regalis. Ann of. Bot. 34, 709-~ 
720 (1925). 

Studies in the geotropism of Pteridophyta. Proc. Linnean Soc, of London 

141, 3-4 (1928/1929). 

Studies in the geotropism of Pteridophyta IV. On specifity in gravipercep- 
tion. Journ. Linnean Soc, Bot. 48, 317-336 (1929). 

and F. M. O. Waight : On the presentation time and latent time for reaction 

to gravity in Pteridophytes. Rep. Brit. Ass. Ady. Sci. 1922. 1923, 397 (1923). 

F. M. O. Waight: On the presentation time and latent time for reaction to 
gravity in fronds of Asplenium bulbiferum. Ann. of Bot. 37, 55—61 (1923). 
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relation to changes in ''sensitivity” during development. The function of 
the "statoliths” which disappear in the later stages of development is not 
at all proved. 

It has already been mentioned, that the geotropic reaction of the 
investigated ferns shows in general a great variability. This relates not only 
to the effect of different temperatures on growth and geotropic response 
but also to seasonal and diurnal influences which have nothing to do with 
the force of gravity in itself. 

Regarding at first the temperature effects, Prankerd's i) investigations 
on Asplenium hulhiferum do not disclose any considerable differences 
between the behaviour of ferns and other plants. For instance, at 10°G she 
observed a presentation time double that at 20°C, which points to chemical 
changes acting in accordance with the van 't Hoff law. The growth-rate 
at the two temperatures was about Vs- Moreover, at high temperatures 
(30°C) a time factor has been shown to operate, this temperature at once 
increasing the presentation time by Vs, and by Vs after one day’s ex- 
posure. The latent time (delay in response), however, being the same at 
30°C and 20X, was not affected by the time factor. From other experi- 
ments Prankerd inferred that an injurious high temperature affects only 
the initial ("perception”) and not the end ("response”) stages in the scheme 
of geotropic reaction. 

Concerning the periodical changes of geotropic sensitivity in Asplenium 
hulhijerum, Prankerd V stated that there is both an annual and a diurnal 
variability of the presentation time. The latter decreases by 33% at night 
and 20% in winter, while- the latent time is 1 0% at night and 25% in winter 
compared with summer value. Further, the amplitude of movement is 
greater in summer. 

According to Prankerd, these rhythms are not correlated directly with 
growth or any other (investigated) internal or external factor, especially 
as the corresponding diurnal and seasonal growth rate, measured under 
constant conditions, does not vary considerably if at all. 

With regard to the differences between the geotropic behaviour of the 
two investigated species i.e. Asplenium hulhiferum and Osmunda regalis it 
may be mentioned that : 

1. the most sensitive stage of the frond in Asplenium is the stage with 
5-7 pairs of leaflets, while in Osnmnda it occurs at maturity — a stage at 
which all geotropic irritability has ceased in Asplenium. Moreover, the 
almost mature frond of Osmunda regalis shows the shortest presentation 
time (20 sec,) recorded for any plant. 

2) T. L. Prankerd: Studies in the geotropism of the Pteridophyta. V. Some 
effects of temperature on growth and geotropism in Asplenium bulbiferum. Froc. 
Roy. Soc. London 1 16 B, 479-493 (1935). 

2) T.*L. Prankerd: Studies in the geotropism of Pteridophyta VI. On rhythm 
in graviperception and reaction to gravity. Proc.R. Soc. Lond. 120 B, 126-141 (1936). 
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2. the growth ratios for certain stages can be the same where the presen- 
tation times are different. 

Finally, attention may be called to the geotropism of the stalk pulvini of 
Angiopteris longifolia as there is a striking parallel to the behaviour of the 
pulvini of Gramineae. Those pulvini do not become visible on the stalks till 
late and can serve for orienting the leaf if it is put out of its proper direction. 
In that case a knee-like bending occurs. Goebel pointed out that 
these pulvini are spots where growth ceases last, but perhaps we 
encounter here the same phenomenon as in the Gramineae pulvini 
pientioned above, i.e. growth has already ceased in the pulvini which are 
in the normal position, but will start again, as soon as the pulvini are put 
into another position. Schmitz '^) was able to show that in the case of Gra- 
mineae pulvini new growth-regulator (auxin) has been produced (unilater- 
ally) under influence of geotropism thus causing growth and bending. It is 
still to be investigated whether this explanation could not explain the 
behaviour of the Angiopteris pulvini. 

§ 8. Hyponasty of fern leaves. — In certain cases the hyponasty of 
fern leaves is due to the influence of light. For instance, according to Her- 
zog ®) the leaves of m 2 ,ny Salvinia species do not stretch in sunlight, but 
do in dim light. 

On the other hand, there is no direct causal relation between the apical 
growth of fern leaves and their circinate embryonic apex ^) . 

A straight leaf tip occurs in all three fern leaf growth types: in the first 
{A) as in some Trichomanes species; in the second {B) as in OpMoglossum, 
Botrychium; in the third (C) as in some Pteris species (see p. 313). 

In these last examples, the same phenomenon occurs as in many di- 
cotyledonous seedlings, flower stalks, etc.: several millimetres below the 
apex the stalk shows a curvature of about 1 80^^, so that the apex is directed 
downward. Discussion on the change from positive to negative geotropism, 
change of internal factors, etc. can be found innu Buy-Nuernbergk ^) 
and in Rawitscher ^). A suggestion of a possible further analysis is given 
by DU Buy-Nuernbergk ^). 


K. Goebel : (1930, p, 1 182) see note, p. 305. 

“) H. Schmitz: Ueber Wuchsstoff und Geotropismus bei Grasern. Planta (BerL) 
19, 614 (1933). 

=*) R. Herzog: Anatomisclie und experimentell morphologische Uhtersuchungen 
liber die Gattung Salvinia. Plants 22, 490-514. (1934). 

h H. G. DU Buy a. E. Nuernbergk: Phototropismus u. Wachstum d. Pflanzen 
I, p. 401 and foil., p. 447 foil. Erg. d. Biol. 9. Berlin (1932). 

®) F. Rawitscher : Der Geotropismus der Pflanzen. Esp. p. 121-131. Jena ( 1 932) . 
®) DU Buy-Nuernbergk I.C., p. 529 ff. 

Manual of Pteridology 
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Finally it may be mentioned that Goebel has denoted a certain kind 
of the phenomena just described, as unfolding movements (‘^Entfaltungs- 
bewegungen'’) . A good example illustrating these is the bending downwards 
of the apical part of the young leaves of Pteris W allichiana which is caused 
by geotropism, that is to say a paratonic factor. For details concerning this 
kind of see the works of Goebel 1). 

§ 9. Dorsiventrality. The presence of dorsiventrality in the majority 
of Selaginellaceae (Baker: 260 species) is dependent on light. 

According to Goebel (1915) Selaginella caracensis shows anisophylly 
only when it is grown in the light. The same is true for Selaginella sanguine- 
lenta. ln this case, however, a low humidity can inhibit the action of the 
light (e.g. the relation between humidity and phototropism in Bryophyta, 
DU Buy and Nuernbergk (1932, p. 428) ^). 

The direction of the light seems to have no influence; the pseudo-radial 
organs possess inherent dorsiventrality, [Selaginella lepidopiylla (Goebel 
1908, p. 1 15) ^) ; Selaginella sulcata) 2016 , this dorsiventrality cannot, as far 
as is known, be reversed by experimental conditions. 

The so-called reversed dorsiventrality of the reproductive part, e.g. in 
Selaginella chrysocaulos, S, Lyallii, S. suherosa, is the result of an increase 
in growth of the leaflets of the upper side and a decrease in growth of those 
of the lower side compared with sterile parts. This is no true reversal, for 
vegetative cuttings made of “reversed” fertile stems show the original 
dorsiventrality. This “reversal” depends on unknown internal factors, 
related to sporulation. (Behrens) ^). 

§ 10. Heterophylly. — The influence of environmental factors on leaf 
development of numerous ferns shows once more that this material in 
consequence of its high degree of plasticity is very suitable for the study of 
form determination. Numerous agents, especially atmospheric moisture 
and in a certain measure the intensity of illumination, are efficacious in 
this respect, as may be shown by only two quotations out of a great many: 
according to Angst ®) injury to the leaves or rhizome oi Pteridium aqtiilinum 


q K. Goebel: Entfaltungsbewegungen der Pflanzen. 2nd ed. Jena (1924), p. 229. 

2 ) . Morphologische und biologisclie Bemerkungen 24. Die Abhangig- 

keit der Dorsiventralit^t vom Licbte bei einer Selaginella- Art. Flora (Jena) 108, 
315-318 (1915). 

q DU Buy-Nuernbergk I.C., p. 428. 

q K. Goebel: Einleitungin die experimentelle Morphologic der Pfianzen. Leip- 
zig-Berlin (1908). 

q J. Behrens: fiber Regeneration bei den Selaginellen. Flora (Jena) 84, 159- 
166 (1897). 

q E. C. Angst: Observations on Pteris Aquilina. Piibl. Puget Sound Biol. Stat. 
5. 261-263 (1925/1928). 
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may result in the production of smaller fronds. On the other hand Boodle^) 
states that the leaves of the same fern vary according to the intensity of 
light in which they mature, and therefore can be classed as shade- and 
sun-leaves, the latter being xerophytic. (Compare herewith the existence of 
sun- and shade-fern species 2)). 

Yet these facts do not represent the main points of heterophyliy. They 
are shown much better by the following ones: While in most plants the 
factors which govern leaf development are relatively fixed, experiments on 
heterophyliy in ferns, however, make it clear that the conditions for leaf 
formation which are permanent for one plant species may occur in others 
only during an early stage. 

Heterophyliy and light. — Drynarieae. In these ferns all leaves have the 
same shape in the early stages. The change in illumination during day and 
night has a certain influence on this shape which can be described as 
follows: light promotes the plate growth and inhibits the leaf stalk for- 
mation (cf . p. 3 1 7) . There f ore,when the development begins during daytime 
the plate growth begins directly, and bifurcation and stalk formation are 
suppressed. Undivided mantle leaves which grow over the substratum are 
formed. In darkness stalked assimilatory leaves develop. There are many 
transitions between these extreme and normal leaf formation, e.g., in ‘'Dry- 
naria heraclea'\ This is a non-heterophyllic species. When this develops in 
the dark there is no suppression of leafstalk formation. 

The initial leaf stages of other heterophyllic ferns have the same develop- 
mental potentialities. If their development is to be interpreted as in the 
case of the Drynarieae, we must suppose that the power to react to 
environmental conditions changes periodically. 

The same is true for Platycerium. These ferns have also undivided 
mantle leaves pressed against the substratum and assimilatory leaves. 
Young plants, however, have only mantle leaves. Here also light has an 
influence on the shape. When, for example, Platycerium bifurcahim is 
cultivated in dimly lighted rooms it develops only assimilatory leaves. The 
development of mantle leaves depends on the presence of an adequate 
illumination. 

Yet this is not the only factor involved. The mantle leaves can be 
regarded as inhibited forms of assimilatory leaves, this inhibition being 
furthered by more or less definite internal or external factors. 

Heterophyliy is also found in epiphytes, e.g., Polypodium species and 
Asplenium Nidus. 

In the case of Polypodium Willdenowii, P. rigidulum, P. queroifolium ^), a 


h L. A. Boodle: The structure of the leaves of the Bracken (Ptevis aquilina) 
in relation to environment. J. Linn. Soc. (Bot. 35, 659-669 (1901). 

F. Kanngieszer: Schattenfarne. Gartenwelt 22, 61, 284 (1918). 

^) The three species belong to the genus Drynaria, according to Christensen. 
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false distinction has been made between “fertile’’ and “sterile” leaves, by 
analogy with the difference between sporophyll and assimilatory leaves in 
Osnnmda, Helminthostachys, Botrychium, Stenosemia aurita, Matteuccia 
StrufMopteris, Onoclea sensibilis, etc. The sporophylls of the latter group, 
however, show a reduction of chlorophyll. 

In Polypoditm, however, the fertile leaves (“sporophylls”) are dark 
green. This situation can be explained by looking at the growth type of 
the leaves. The development of the leaves of these ferns is principally the 
same as in the case of Platycerium. The difference is that in Polypodhm 
the differentiation between niche leaves and assimilatory leaves begins 
first within the vegetative region. The “sterile” leaves are the unstalked 
niche leaves, the “fertile” leaves the long (stalked) pinnate leaves. Polypo- 
dium heraclemn, a transition form, shows both types of development 
in one leaf : the leaf foot forms.a niche leaf, the frond an assimilatory leaf. 

Asplenium oceanicum. Another type of heterophylly is found in “sto- 
lons” of this species [Asplenium Hook., not Desv.). These are 

leaves in which the blade is only slightly developed. 

In accordance with the preceding discussion, it is probable that this 
suppression is governed by definite yet unknown factors. 

§11. Shoot formation by leaves. — Shoot formation by leaves 
belongs to the normal course of development in many ferns. We can with 
Goebel 1) distinguish two groups: 

1. leaves on which shoots regularly develop under normal conditions 
(hygrophytic ferns e.g. Diplazium celtidifoUum, Asplenium viviparum etc.) ; 

2. leaves which develop shoots only when subjected to certain conditions 
(meso-xerophytic ferns). 

A special example of the last group is shown by the ferns in which 
embryonic shoots occur only at the apex of leaves. These leaves have a 
more or less stolon-like shape e.g. in Adiantum Edgeworthii, Aneimia ro- 
tundifoUa, Camptosorus rhizophyllus, Asplenmm oceanicum (only special 
leaves), A. 

§ 12. Growth of aerophores, leaf hairs of Salvinia. — In some ferns, 
particularly in slime ferns, aerophores or pneumatophores (Bower, Met- 
TENius) ^) are described. These are pin-shaped tissues growing out from the 
persistent base of the older pinnae, e.g. of Plagiogyria glauca, ov from the 
circinate apex of the leaf, e.g. of P. pycnophylla. In the hit er case they 
alternate with the pinnae projecting through the covering of mucilaginous 
hairs. 

1) See note p. 306. 

F. O. Bower; The Ferns, vol. 1, 204; voL 2, 277 Cambridge (1923, 1926.) S. 
G. Mettenius ; Ueber einige Farngattnngen IL Plagiogyria. Abh. Senckenbergschen 
Naturf. Ges. 2. (1858). 
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The pneumatopliores occur in rudimentary form in other ferns [Dryopte- 
■ris Thomsonii, D, demssata and D. stipellata] cf. Haberlandt) ^), Their 
whitish color is due to their air content. They are described as glands, 
(but have nothing to do with the slime layer : this is due to gland hairs) , and 
as cone-shaped respiratory cells. They are proliferations of the aeration 
tissue which can be found in most ferns (Goebel) ^). The factors involving 
their development and their function are still purety hypothetical (as is the 
; function of the mucilage layer, the nectaries, etc.). 

Other interesting structures are the leaf hairs oi Salvinia. Andrews 
and Ellis ^) made some investigations on them and found the hairs to be 
positively chemotactic. Egg-yolk and raw egg, applied to the leaves, 
produced discolorations. The authors suggest that the insects which can 
always be found on the leaves, are possibly decomposed. In any case, some 
food is absorbed in this way. 

III. Regenerations in fern leaves. 

§ 13. Regeneration. — Broadly speaking, there may be several types : 

1 . anatomical regeneration of the removed part: restitution. 

I 2. formation of tissues or organs on parts of plants. 

3. processes involved in wound heahng. 

In ferns particularly there is a continuous series ranging from typical 
regeneration to cases where development is caused in the normal plant by 
the action of internal or external factors. 

Embryonic tissue especially is capable of regeneration, as when leaf tips 
are cut longitudinally, for example in Blechmmi brasiUense, Polypodvum 
heracleum, etc. Following regeneration, the plant shows a bifurcation, 
which also often occurs in fern leaves under normal conditions (Goebel 
1902, p. 503 seq.) ^). 

Adult cells, on the other hand, were found incapable of regeneration as 
' in the case where the tips of young and old leaves were cut. Even growth 

by stretching stops. 

In one group shoot buds develop under any circumstances out of pri- 
mordia which already can be found in the embryonic leaves (e.g. Asple- 
i niuM viviparum, AsplcniuM oceanicum, Adiantuni Edgewofthii, Jidiantuni 

\ caudatnm ?ind Adianhmt dolabriforme). 

I In a second group, regeneration occurs only under certain conditions 

I G. Haberlandt: Physiologische Pflanzenanatomie, 6th ed., p. 405, Leipzig 

I, (1924). 

I 2 ) Goebel: Morphologische u. biologische Studien VIII. Ueber Schleimfarne 

I imd Aerophoren. Ann. Jard. hot. Buitenz. 36, 84-106 (1926). 

I 3) ]vi. Andrews and M. M. Ellis : Some observations concerning the reactions 

f of the leaf hairs of Salvinia. Bull. Torr. Bot. Club 40, 441-446 (1913). 

i. ^) K. Goebel: tjber Regeneration im Pflanzenreich. Biol. Zbl. 22, 385-397, 

417-438,481-505 (1902). 
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(contact of the leaf tip with the soil, high humidity, etc. : Aneimia rohm- 
difoUay A spleniumrutaej olium {Go'eb^'L 1902,^.2^9)'^) . 

In a third group, especially investigated by Beyerle 2), regeneration 
occurs in isolated etiolated primary leaves. Non-isolated primary leaves 
show no regeneration. Only in a normal culture of young Polypodium 
heracleum shoot buds are developed spontaneously. Inhibiting factors 
(etiolation, culture under water, ether gas) have no effect, neither have the 
cutting of the vascular system at the base of the leaf blade, the cutting of 
the roots or of one or all growing points. The only regenerated parts often 
formed were one or more apical buds. 

In isolated primary leaves, regeneration takes place only in the young- 
stages. Exceptions occur in Hemionitis palmata and Adianhm capillus- 
Veneris. This last fern shows, according to Reinhold ®), regeneration 
in leaves, stems, and in older fertile leaves. In Hemionitis palmata only 
shoot buds were regenerated. Further, Palis a found that Cystopteris 
species develop the regeneration buds in the base of the fronds. 

Beyerle^) ®) observed regeneration in isolated leaves of the following 
species: 

Adiantum. conicum, form, alata, A. fulvum (not Adiantum Dutrianuni, elegans, reni- 
forme, tenerum)] 

Alsophila tomeniosa] 

Aneimia densa (not other Aneimia specie.s) ; 

Anogrammaleptophylla] 

Asplenium- Nidtis, A. serratum; 

Athyriuni Filix-femina; ' 

Blechnum capense { = Lom^aria capensis). 

Ceratopteris thalicfyoides; 

Cibotium Schiedei; 

Cyathea dealhata, C. meduUaris 
Davallia canaviensis; 

Dicksonia fibrosa (not D. squarrosa) ; 

Diplazium melanocaulon] 

Drynavia vigidula; 

Thelypteris palusiris; 

Gymnogramme Laucheana G. Hooheri; 

Hemionitis palmata] 

h See page 325, note 4. 

“) R. Beyerle: Untersnehungen iiber die Regeneration von Farnprimar- 
blattern. Planta 16, 622-665 (1932). 

R. Reinhold: Ueber regenerative Sprossbildungen bel .4 
Veneris L. Mitt. Inst. allg. Bot. Hamburg 6, 309-337 (1926).;^ ^^ ^ ^^^^^^ ^^ ^^^ 

J. Palisa: Die Entwicklungsgeschichte der Regen erationsknospen, welche 
an den Grundstiicken isoiierter Wedel von Cystopterisderttn entstehen. Ber. dtsch. 
bot. Ges. 18, 398-410 (1900). 

See p. 328. 

®) Gymnogramme Laucheana is said by K. Domin (Rozpr. II Tr. Ceske Akad. 38, 
No. 4, 1929) to be a horticultural form oi Pityro gramma chrysopliylla, and G. Hookeri 
to be Pityrogramma adianioides. In addition, Asplenium Sandwichium, Dicksonia 
Day G and Pellaea ternata are likewise doubtful names employed by Beyerle. 
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Marattia alata; 

]Sj epIifol-Bpis hisBvvdtOj (^Osuiundci Tegcilis developed protlialloid outgrowth, in one 

case) ; 

Polypodium auY&um, P. Fendleri, P. heracleum, P. lonceum, P, musifolittm; 
Polystichum adiantiforme (not P. angular e); P. vantim { — Lastraea opaca) ; 

Pteris tremula] 

Ted aria Maingayi. 

These ferns regenerate shoot buds, undifferentiated outgrowths, pro- 
thalloid shoots, and intermediate formations. All regenerated parts are 
always developed from the epidermis (exogenous or pseudo-endogenous 
development). 

The undifferentiated outgrowths do not always die, but develop into 
buds or prothallia in Aneimia densa, Hemionitis palmata, Pteris tfemula. 

The intermediate formations between shoots and prothallia are planless 
proliferations with stomata, vascular elements, antheridia, and rhizoids, as 
in Hemionitis palmata, or more definitely shaped as in Pityrogramma chry- 
sophylla (Goebel) i), Ceratopteris thalictroides (Goebel, Beyerle) ^), Am- 
gramma leptophylla, Davallia canariensis, Nephrolepis hiserrata and Po/y- 
podium her acleum, (B'EY'E'R'le). 

The place of development of regenerated parts is variable, e.g., on the 
whole leaf in Polypodium aure^im and P. heracleum, on the side, in Poly- 
stichum adiantiforme, Thely pteris palustris, Ceratopteris thalictroides, and 
on the tip only (Goebel) ^) in AdiantuniEdgeworthii, Aneimia rotundifolia, 
Asplenium Mannii, A. oceanicum and Campfosorus rhizophyllus. 

The development of prothalloid organs on leaves shows that there is no 
inherent difference between the two generations, and consequently no clear 
relation to the chromosome number. For instance. Brown ^) obtained 
regenerations from the petiole of the leaf of Phegopteris polypodioides. A 
cellular mass resembling a prothallium was formed, from which rhizoids 
developed as well as true leaves and structures intermediate between pro- 
thallia and true leaves (Lawton ^)). 

There is, however, a more pronounced relation between the stage of 
development of the cells and the kind of regenerated organ. For instance: 

(1) Ceratopteris thalictroides develops mainly prothallia on decapitated 
young plants with one or two leaves, and shoot buds on older plants. 

2, In Davallia canariensis and in Nephrolepis hiserrata, the shoot buds 
are mainly developed at the basal (older, see p. 314 foil.) part of the leaf, the 
prothallia at the apical part. . 

3. If only prothallia are regenerated, these are mainly developed at the 
apical (youngest) margins in the neighbourhood of the nerve endings. 


q See page 325, note 4. 

") See p. 306, note 2. 

q E. D. W. Brown: Regeneration in Phegopteris polypodioides. Bull. Torr. Bot. 
Club 45, 391-397 (1918). 
q See note p. 331. 
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4. When development is suppressed by internal or external factors, 
e.g. light, only prothallia are regenerated. This is also the case in fern 
leaves which normally develop shoot buds. [Drynaria rigidula, Poly podium 

aiireimi I, ll),PJiemcletmi2.ndLP,musiiolium). 

From these points the conclusion can be drawn that buds can be obtained 
only when the development of the cells has passed a certain stage. In all 
previous stages or in all cases where inhibition of development takes place, 
only sporangia can be found. An analogy with the action of organisers, 
however, has not yet been worked out. 

Woundhormones. — With regard to the regenerations in the 
neighbourhood of wounds, not all primary leaves of ferns react alike 
(Beyerle) Polypodium hey acleurndJidixiPolypodium dufeum regene- 
rated parts are formed around the wound. 

In most plants no regenerated parts are developed after wounding. 
Davallia canariensis rots around the wound, and then forms prothallia. 
Rotting leaves of Polypodium heracleum and Polypodhm aureum also 
often form prothallia. Expressed sap, however, has no influence. 

Concerning the influence of wounds on the underlying tissue we refer to 
the observations of Holden on the wound reactions of the petioles of 
Pteris aquilinct {— Pteridium aquilinum). These petioles often show wound- 
scars. The wounds are mostly very superficial, not penetrating the sub- 
epidermal sclerenchyma, but some are deeper seated. 

Usually, these wound reactions are characterized : 

1 . by a compensatory local thickening and partial or complete lignifi- 
cation of the cortical parenchyma which may or may not be accompanied 
by elongation, 

2. by the local delignification of the subepidermal sclerenchyma, 

3. by a deposit of tannin in the cell walls in the affected area. 

However, wound reactions in the tissues composing the vascular strands 

are rare, and where they do occur, are confined to the starch sheet and 
coniunctive parenchyma, which thicken and may elongate and divide. 

Table of regenerations, arranged in order of 
place of development. — 1. Regeneration on leaves, 

A di ant um capillis- Veneris: non-isolated (etiolated) leaves, isolated primary leaves 
and adult leaves, parts of leaves, stems and roots develop shootbuds, 
but never prothallia or prothalloid formations (Reinhold 
„ caudatum : shootbuds preformed on adult leaves always develop 
(Goebel^), Kupper ®). 

See note p. 326. 

“) H. S. Holden: Further observations on the wood reactions of the petioles of 
Pteris aqiiilina. Ann. of. Bot. 30, 1 27- 133 (1916). 

^) See p. 326. 

^) See p. 325, note 4. 

‘3 W. Kupper: Ueber Knospenbildung an Farnblattern. Flora (Jena) 96, 337- 


H. G. DU BUY AND E. L. NUERNBERGK, GROWTH AND TROPISMS 331 


Adiantiim conicimz [alatum), ftdvum : isolated leaves regenerate (Beverle ^)). 

,, dolabri forme, rotimdifolmni: shootbuds preformed on adult leaves 

always develop (Goebel ^)). 

,, : shootbuds preformed on adult leaf apex always develop 

(Goebel ^), Kupper 2). 

Alsophila tomentosa: isolated leaves regenerate (Beyerle i)). 

,, van Geertii: primary (?) leaves develop prothallia and intermediate 
structures (Goebel®)). 

Aneiniia densa: isolated primary leaves develop undifferentiated proliferations 
( ± 2% regeneration) ; Tab. I (Beyerle ^)). 

,, Dregeana: detached primary leaves develop prothalioid proliferations 
(Goebel®)). 

,, rotundifolia: shoot buds, preformed onadult leaf apex develop only in 
contact with soil (Goebel ^), Kupper ®). 

^‘Anogramma'' chrysophylla: isolated leaves regenerate prothallia (Beyerle ^). 
Anogramma leptophylla: isolated leaves regenerate formations intermediate be- 
tween shoots and prothallia (Beyerle ^). 

*'Aspidium capense” : young and older primary leaves develop prothalioid formations 
(Beyerle^). 

,, macrophyllum: preformed shoot buds are developed on adult leaves 
under certain conditions (Goebel^)). 

,, marginale : first, second and third leaf develop prothallia and intermedi- 
ate structures (Lawton^)). 

‘‘ Asplenium'’ celtidifolium: shoot buds, preformed on adult leaves develop always 
(Goebel ^)). 

Asplenium dimorphum: leaves develop prothallia (Kupper ®)). 

A splenium Mannii : shootbuds, preformed on apex of adult leaves, are more or 
less metamorphosed in stolons and develop always (Goebel^), Kup- 
per ^)). 

Asplenium Nidus: primary leaves develop shootbuds on both sides. In this case 
large fresh leaves sometimes develop prothallia (Beyerle ^)). 

,, oceanicum: shootbuds, preformed on apex of adult leaves always 
develop in more or less metamorphosed stolons (Goebel ^), Kupper ®)) . 
,, rutaefolium: shootbuds, preformed on apex of adult leaves develop 
only in contact with soil (Goebel ^)) . 

,, serratum: primary leaves develop prothallia on margins (Beyerle ^)). 
,, viviparum: attached leaves always develop preformed shoot buds 
(Kupper ®)). 

Athyrium Filix-femina: ± 15% of decapitated young plants only develop anew" 


apical bud (Beyerle^)). 

,, filix var. clarissima: leaves develop prothalioid structures (Bower ®), 
Druery ®), Farmer-Digby ’)). 

Blechnum hrasiliense: the embryonic part of a leaf cut longitudinally develops 
small leaflets (Beyerinck s)). 

1) R. Beyerle see p. 326 ; K. Goebel see p. 325, note 4 and p. 326. 

2) See page 330 note 5. 

®) K. Goebel (1907) see note p. 333. 

^) E. Lawton: Regeneration and induced polyploidy in ferns. Amer. J. Bot. 
19, 303-333 (1932). 

®) F. O. Bower: On apospory in ferns, with special reference to Mr. C. T. Drue- 
ry's observations. Journ. Linnean Soc. London (Bot) 21, 360—368 (1884). 

*’) C. T. Druery ; Observations on a singular mode of development in the Lady- 
fern. Further notes on a singular mode of reproduction in Athyrium Filix- femina. 
Ibidem 21, 354-357; 358-359 (1884). 

’) J. B. Farmer and L. Digby: Studies in apogamy and apospory in Ferns. Ann. 
of Bot. 21, 161-193 (1907). 

s) M. W. Beyerinck: Over regeneratie-verschijnselen etc. (see note p. 334). 
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Ceratopteris 

oles of isolated primary leaves develop protnailia and mtermeaiate 
structures (Bally *), Beyerlk ^). Goebel 1930, p. 1225 ), Koeh- 

Cyatkeame^2[ 6% of primary leaves develop undifferentiated marginal out- 

growths (Be YE RLE 1)). 

„ isolated leaves regenerate (Beyerle )). /Beyer 

CiboHum ScUedei-. 6% of primary leaves develop prothallia on margin (Beyer 
CystopUri^buibifera-. shoot buds preformed on adult leaves always develop KuP- 
CystopterU^iuL formations of rhizoids and sporophytio buds develop on 
Davallia :^plm\ry leaves devLp shootbuds, intermediate formations 

DicksoniamTiimnl^obtusM^^ develop prothalloid formations on 

Dicksonia ’iL'lated^ ‘young primary leaves only develop prothalloid for- 

mations on margin (Beyerle i)). 

Diplazium celtidifolium: see -Asplenium- celtidtjohum (Beyer- 

^ „ melanocaulon: some primary leaves develop tubers at base (Beyer- 

‘‘Drvnavia hemcha'^ : primary leaves develop shootbuds, intermediate formations, 
prothallia and isolated rhizoids; large regenerated leaves deve op only 
shootbuds, small or dying leaves develop prothallia (Be yerle )). 

,, : primary leaves develop only shootbuds (Be YERLE )). 

Dryopteris Filix-mas: see ‘^Lastraea pseudomonas'’ . 

hirtipes: see '^Nephrodium hirtipes”. 

,, mafgincilis’. see “Aspidium mcLfginale . ^ 

Phesopteris: see “Phegopteris polypodioides” . i 

already developed primary leaves develop shootbuds on 

petiole; undeveloped primary leaves develop prothalloid formations at 

apex (Beyerle *)). 

£oMisefMw: aerial shoots are developed (Praeger „ vi rrnv 

-Gymnogramme chrysophylla" : primary leaves develop prothalloid structures ( 

toLlLa; petioles of attached leaves develop prothallia (WORO- 
nin »)). According to Bomin this is a variety oi Pityro gramma 

Boo Aerr.^primary leaves de abundant prothalloid outgrowths 

on margin (Be YERLE 1)). See footnote No. 6, p, 326. 

1) See p. 326. _ 

^ ^N'. Bally: TJeber Adventivknospen auf Primarblattern von Farnen. hiora 

( Jena) 99,2 (1909) . 

3) See p. 305, note 3 and p. 334, note 8. 

E. Koehler : Farnstudien: Flora (Jena) 1 13, 337 (1920). 

See p. 330, note 5. ^ ■ 

6) A. Heilbronn: Apogamie, Bastardierung und Erblichkeitsverhaltnisse bei 

einigen Farnen. Flora (Jena) 101, 12 (1910). . r -r + 

’) R. L. Praeger : Propagation from aerial shoots in Equisetum. Journ. of Bot. 

72,175-176(1934). 

8) See note p. 322 (K. Goebel 1908). 

») H. Woronin: Apogamie und Aposporie bei einigen Farnen. Flora (Jena) 98, 
101-162 (t908h 
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^‘Gymno^ramnie Laucheana" : primary leaves develop prothalloid outgrowtlis and 
shoots in the neighbourhood of the ends of nerves and at the leaf 
stalks (Beyerle ^)). See footnote No. 6, p. 326. 

Hemionitis anjolia {“H. cordata’’): shootbuds preformed on base of adult leaf- 

blades develop only on old dying or isolated leaves (Goebel b). 

palmata: many primary leaves develop shootbuds, intermediate struc- 
tures and prothallia "^on all parts; more developed leaves develop 
adventitious buds which are already present, Prothalloid structures 
are only developed, when adventitious bud with petiole is taken 
away (Goebel 1), Be yerle 1)). . . , , i 

“Lastraea opaca”: 8% of leaves develop small prothalloid apical outgrowths, both 
dying soon after that (Beyerle 1)). ^ . 

“Lastraea (Nephr odium) pseudomonas var. cvistata” : leaves develop prothalloicl 
structures (Druery 2)). , i 

“Lomaria capensis” : ± 10% of primary leaves develop shorthving prothalloid 

structures (Beyerle i)). , /r- aw 

isolated leaves develop shootbuds (Goebel }). 

Marattia alata : at the base of leaves and on isolated chaff scales regeneration o 
buds and rhizoids occurs (Beyerle ^)). 

“NephrodiumUrtipes ” , ,, , xi n* 

Nephrolepis biserraia: primary leaves develop shootbuds, prothalha and inter- 
mediate structures (Beyerle ^), Kupper®)). 

Notolaena flavens: primary leaves develop new formations 

Notolaena Marantae: blade and petiole of leaves develop shootbuds (Woronin )) 
leaves develop shootbuds (Kupper^)). , oop' , ... nw 

Osmunda regalis: primary leaves develop prothalha (Goebel 1928, t . ))• 

Pellaea nivea: attached primary leaves develop prothalha (Woronin )). 

Phegopteris polypodioides: isolated adult(?) petioles develop prothallia,intermedia- 

te structures and shootbuds (Brown ®). ^ ^ 

Phyllitis Scolopendrium var. crispa : leaves develop prothalha (Kupper U) - ^ 

Pityvogvamma^chfysophylla: see “ Anogramma'’ chrysopJiylla and Gyynno^ramme 

Platy cerium bifurcattm [alcicorne), grande develop shootbuds m 

strong light and prothalha in dim light (Koehler )). 

Polypodium heracleum: see “‘Drynaria heraclea'\ ^ ^ ^ ^hnnfhncU 

aureum: isolated primary and secondary leaves develop shootbuds 
intermediate structures and prothalha, mainly on ab axial 

I, II). Older leaves develop prothalloid structures (Beyerle ), Goe- 
bel Heilbronn i^)). 


U See p. 326 (esp. notes 1 and 2). ^ . t t- 

2) G. T. Druery: Notes upon an aposporous Lastraea {Nephrodium). Journ. Lin- 

nean Soc. London (Bot) 29, (1892). • j * 

=) K. Goebel : Ueber Prothallien und Keimpflanzen von Lycopodium immdatum. 

Bot. Ztg. 45, 161, 177 (1887). , 

0) W. N. Steil: Apogamy in Nephrodium hirtipes Hk. Ann. o Bo . , 

(1919). 

5) See p. 330, note 5. 

®) See p. 332, note 9- 

’) K. Goebel: Organographie 1st part, 3rd ed. Jena (1928). 

See p. 327.; 

2) See p. 332, note 4. 

10) K. Goebel: Experimentell-morphologische Mitteilungen. 

Wiss. Miinchen, math. -phy sik. Kl. 37, 119-136 (1907). ^ _ 

n) A. Heilbronn : Ueber experimentell erzeugte Tetraploidie bei Farnen. Z. md. 
Abst. u. Vererbungsl. Suppl. 2, 830 (1928). 
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Polypodium Fendleri : primary leaves develop shootbuds and rudimentary leaves 
(Beyerle ^)}. 

lycopodioides : older leaves develop prothalloid structures (Goebel ^)). 
loricetmt: primary leaves develop shootbuds, prothallia and prothal- 
loid structures (Beyerle ^)). 

musifolhtm : primary leaves regenerate (only 50-60%) shootbuds and 
prothalloid structures (Beyerle ^)). 

spec. : primary leaves develop prothalloid structures on margin, inter- 
mediate structures at base. No regeneration in. older primary leaves 
(Goebel ^)). 

,, vulgareisee Koehler®). 

Polystichum adiantiforme: see “ Aspidium capenseP 

,, angulare var, pulcherrimum : leaves develop prothallia (Bower ®) 

Druery ®), Kupper ^)). 

„ varium: see “Lastraea opacaP 

Pieris longifoUa: blades and petioles of primary leaves develop prothallia (Goe- 
bel ®)). 

„ cretica yar. albo-lineata: first, second and third leaves produce prothallia. 
ifemuVax only about 20% of isolated young primary leaves develop nothing 
else but prothalloid structures (Beyerle ^)); 

'‘Scolopendnum vulgave var. crispum” : isolated leaves, in contact with soil develop 
prothallia (Druery ®)). The same as Phyllitis Scot op endriumi 
Selaginella denticulata, Galeottiana, inaequali folia, laevigata, Mavtensii, uncinata: 

cell proliferations are developed on decapitated apex (Behrens, Bey- 

ERINCK, PfEFFER ®)). 

Tectaria Maingayi: see “Campylogramme Tv oUii”. 

„ maytinicensis : see ^‘Aspidium macvophyllum” . 

Trichomanes Kraussii: isolated adult leaves develop prothallia (Kupper^), Woro- 

NIN ’)). 

Woodway di a vifginica: first, second and third isolated leaf develop prothallia 
(Lawton’)). 

2. Regenerations on roots and growing points. — In general, the shoot 
formation on roots can be explained, according to Goebel by a '"Spross- 
bildende Substanz'h For instance, in Ophioglossum, the shoot formation 


1) See p. 326. 

2) K. Goebel (1908) ; see p. 322. 

®) See p. 332, note 4 (Koehler) respectively p. 331 (Bower, Druery). 

<‘) See p. 330, note 5. 

®) C. T. Druery: On a new Instance of Apospory in Polystichum angulare var. 
pulcherrimum. Journ. Linnean Soc. London (Bot). 22, (1886) ; See also p. 41a. 

•5) J. Behrens: see p. 322. 

M. W. Beyerinck: Beobachtungen und Betrachtungen liber Wu.rzelknospen 
und Nebenwurzeln. Natuurk. Verh. Ak. Wetensch. Amsterd. 25 (1886); see also: 
Verzamelde Geschr. 2, 7-122. Delft (1921)). — Over regeneratieverschijnselen aan 
gespleten vegetatiepunten van stengels en over bekervorming. Neder. kruidk. Arch. 
Nijmegen ser. 2, vol. 4, part. 1, p, 63-105 (1883); see also: Verzamelde Geschr. 1, 
293 Delft (1921). 

W. Pfeffer: Die Entwicklung des Keimes der Gattung Selaginella. Hanstein's 
Bot. Abh. 1, 67 (1871). 

’) See p. 332, note 9 (Woronin) respectively p. 331 (Law^'ton). 

®) K. Goebel; Organographie der l^flanzen, 1st ed., p. 39 Jena (1898). Cf. also 
3rd ed. (see p. 305, note 3) p, 1221 (1930). 
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does not occur at the shoot pole, but at the root pole itself. This reaction 
shows itself clearly, especially when the tip of the plant is removed before- 
hand, or when the respective root tip has been cut off to a length of some 
centimetres from the plant. Other parts of the root can regenerate as well, 
but to a lesser extent than the tip. These phenomena are mentioned b}?" 
Sachs for the first time. Rostowzew described the same thing with 
regard to the species DipldziuM esculentunt, PlcityceHwn bijufcatufn , and 
Fries mentions it for the rootbearers of Salvinia ^). 

We are quoting some characteristic examples for this kind of regenera- 
tion. 

Antrophyum plantagineuni: shoot buds formed on some distance of root. apex, 
develop. (Goebel “). 

Diplazium esculentum: shoot buds formed on apex of root, develop. (Goebel 
Lachmann [cf. Rostowzew] q. 

Hecistopteris pumila : shoot buds develop on roots (Goebel ®) . , x 

Otihioslossum pedunculosum : non preformed shoot buds are formed on apex oi 
roots. They develop always, on other parts of roots only after isola- 
tion (Goebel q). -V lono 

vulgatum : same. They develop mainly after cutting (Goebel ') 190^, 

p. 492; PoiRAULT ®)). 

in general: roots develop shoot buds (Rostowzew ^)). 

Platycerium bifurcatum, grande, Hillii, Willinckii, Stemaria: shoot buds are formed 
on apex of roots, they develop from presumably preformed buds 
(Goebel q 1902; 1930, p. 1222; Rostowzew 2 ), Sachs p. 
Polypodium heracleum.: longitudinally cut growing point develops leaflets on both 
sides of the halved growing points (Goebel q). ^ 

Selaginella Martensii: After removal of the growing point of the leal the root- 
bearers grow out (Fries *)). 

3. Regeneration on prothaUia, - — In heart-shaped fern prothallia, e.g. 
Polyfodiaoeae, the halved growing point develops a new wing. If the 
growing point is excised then many prothalha develop. 


1) J. Sachs; Vorlesungen fiber Pflanzenpbysiologie. 1st ed. p. 29 (1882) ; 2nd ed. 

p. 27 (1887) Leipzig. ' 

2) S. Rostowzew: Beitrage zur Kenntnis der GefaBkryptogamen I. hiora 

155-168 (1890). ^ 

3) R. E. Fries: Ett bidrag till kannedomen om SelagineUa-Rothh^T&Tne. (Em 

Beitrag zur Kenntnis der Wnrzeltrager von Selaginella). Svens]^. bot. Tidskr. 5, 
252-259 (1911). 

0) The direction of these rootbearers is independent of environmental conditions, 
i.e., they are ''exotropic'C 
q See p. 306, note 2. 

«) K. Goebel: Archegoniatenstudien VIII. Hecistopteris, eine veikannte tarn- 
gattung. Flora (Jena) 82, 67-75 (1896). 

’) See note 8 p. 334 and p. 306. 

8) G. Poirault: Recherches anatomiques sur les Cryptogames vasculaires. 

Ann. sci. nat, bot. 7. ser. 18, 113— 256; 148 (1893). 

•q S. Rostowzew: Beitrag zur Kenntnis der Ophioglosseen. Moskau (1892). 
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Older protliallia of Asplenhtm Trichomanes, Athyrium alpestre, 
Polypodium punctatum develop small adventitious protliallia at the apical 
notch (Nagai, Steil, Waldmann) i). 

Apogamic protliallia, e.g. ‘'Aspidium {= Dryopteris) remotum'\ He- 
mionitis palmata, Lygodmm japonimm, develop embryos on different 
parts of the prothaflium, especially on the midrib (Goebel ^), Wald- 
mann ^), Reinhold 1926, p. 312 and the literature quoted by the latter). 

Dryopteris develops sporangia on prothallia (Lang h). 

Os spec. : same (Pace q). 

Phyllitis Scolopendrium: same (Lang h). 

According to Lang in these cases the sporangia only seem to be directly attached 
to the prothallia, in fact they originate from a sporophyte, though very small, 
which develops on the prothallium. 

Hecistopteris pumila: prothallia develop brood buds (Goebel ^)). 

Hymenophyllum spec. : same. 

Lycopodium Phlegmavia: same (Treub, Goebel 1930, p. 1067 p). 

Monogrmnma: same. 

Vittaria: same (Goebel 1930, p. 1093). 

IV. Secondarythickening 

§ 14. Secondary thickening. — Occurs (in living ferns) only in the 
tuberous short axes of the Isoetinae, the shoot bases of the Psilotaceae, 
and is slightly indicated in stems of some Equisetinae, for instance 
in Equisetum maximum. It occurs imthev in some Ophioglossales (e,g. 
Bo^rycMmn) hy way of cnmhial activity, whereas in the main group of the 
Filicales it has not been observed anywhere. 

On the other hand most of the fossil ferns showed secondary thickening, 
e.g. the Lepidodendrales with a meristem like a cork cambium, the stems 
and roots of Calamitaceae; the Sphenophy Hales and the Pteridospermae, 

q J. Nagai: Physiologische Studien liber Farnprothaliien. Flora 106, 281-330 
(1914). 

W. N. Steil: Studies of some new cases of apogamy in ferns. Bull, Torr. Bot. 
Club 45, 93-108 (1918); Vegetative reproduction and aposporous growth from the 
young sporophyte of Polypodium irioides. Ibidem 48, 203-205 (1921) : The develop- 
ment of prothallia and antheridia from the sex organs of Polypodium irioides, Ibi 
dem 48, 271-277 (1921). 

PI. Waldmann: Beitrage zur Entwicklungsgeschichte der Prothallien einheimi- 
scher Polypodiaceen. Diss. Marburg (1928). 

q See p. 334, note 8. 

■ ■»)■, See p. 326. ■ 

'*) W. H. Lang : On apogamy and theMevelopment of sporangia upon fern prothal- 
ii. Philos. Trans. Roy. Soc. 190 B, London (1898). 

^) L. Pace: Some peculiar fern prothallia. Bot. Gaz, 50, 49-58 (1910). 

®) See p. 334, note 8. 

’) K. Goebel: see p. 305 (note 3). 

M. Treub : Etudes sur les Lycopodiacdes. II. Le prothalle du Lycopodium Phleg- 
maria L. Ann. Jard. bot. Buitenz, 5, 87, 98. (1886). 


337 




H. G. DU BUY AND E. L. NUERNBERGK, GROWTH AND TROPISMS 


the former having an axial vascular bundle containing secondarily formed 
scalariform-reticulate and bordered pit tracheids, the latter with cambial ' 
growth producing a wood structure inwards and a bark zone (phloem and 
cortical tissue) outwards. 


V, Movements in ferns which are not caused 
by growth 

§ 15. Diurnal movements of the leaves of Marsilia. — Nastic 
leaf movements which are not caused by growth are seldom found in 
ferns. One of the most remarkable examples are the diurnal movements 
of the petioles of adult leaves of Marsilia, This marsh plant has leaves like 
a clover plant or Oxalis with 4 leaflets : a fairly long leaf stalk, bearing 
at its end 2 pairs of petioles originating from the bifurcation of the primary 
leaves. The petioles are attached by pulvini to the main stalk. 

In daylight the petioles are horizontally stretched, but at night they rise, 
and fold together two by two, the terminal pair being enclosed by the two 
lower leaflets. 

They also rise in full sunlight (,,Tagesschlaf '). Nuernbergk hasshowm 
that these ''parheliotropic movements” are caused by strong short wave- 
length radiation, especially by wave-lengths < 5000 A, and also ultra- 
violet rays (mercury vapour-lamp) . The long wave-lengths of the spectrum 
including infra-red and heat are entirely ineffective. 

A change of position or shape of the chloroplasts does not seem to 
occur in strong light. 

With regard to the motile mechanism of the pulvini no investigations 
are known, but we may assume that there is no significant difference be- 
tween the behaviour of Marsilia and the behaviour of the pulvini of the 
Leguminosae and other plants capable of nastic response. Therefore the 
difference in osmotic pressure caused by a change of permeability of the ceil 
walls in the (illuminated) upper and (non illuminated) lower layer of the 
parenchyma tissue is likely to cause the unequal shortening and elongation 
respectively of the two sides of the puivinus, which brings about the 
movement^). 

§ 16. Mechatiism of the annulus of the Polypodiaceae and related 
phenomena. — Another movement not caused by growth and especially 
characteristic of ferns is the dehiscence of the sporangium of thePolypodia- 

1) E. Nuernbergk: Beitrage zur Physiologie des Tagessclilafs der Pflanzen. 

Bot. Abh. No. 4. Jena (1925). , 

2 ) -rhe increase of permeability of the cell walls is probably due to light. Compare 

with respect to this: H. Weidlich; Die Bewegnngsmechanik der Variationsgelen- 
ke, Bot. Arch. 28, 219 (1930); M. Brauner : Untersuchnngen liber die Lichtturgor- 
reaktionen des Primarblattgelenkes von Phaseolus (Berl.) 18, 

288 (1932) and the discussion by H. v. Guttenberg in: Fortschritte d. Bot. 4, 
269 (1935). 

Manual of Pteridology 
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ceae. The sporangia of this family of the Filicinae zxe shaped like a stalked 
lentil and consist of only one cell layer enclosing the spores. The sporangium 
cells generally are flat -polyhedral and have a thin wall with exception of 
the edge of the “lentiF'; here the cell walls are partially thickened like a 
horseshoe and, starting from the stalk they form a kind of ring, the so 
called annulus. 

The inner walls of that annulus are particularly thickened while the 
radial walls become thinner towards the outside. When mature the cells 
contain water and as soon as they loose it by drying the thin outer walls draw 
inwards causing a shortening of the peripheral edge of the annulus. At the 
end of this process the annulus opens at a preformed point; the so- 
called "'stomium'' which lies at the end of the thickened cells, and consists 
of two thin-walled cells, iYie lip cells. Then the annulus may nearly double 
back upon itself, pulling with it a mass of ripe spores. Finally, the annulus 
suddenly returns to its original position, at the same time forcibly 
throwing out the spores. 

According to Steinbrinck^) the cause of this phenomenon is to be 
found in the considerable adhesion of the water in the cells to their wall 
membranes, and further in the great force with which the water molecules 
mutually cohere. Hence, as soon as the water diminishes by evapoiation 
the outer cell walls, being more yielding than the thickened inner ones, 
are pulled inwards by adhesion and cohesion. Finally, the water column 
breaks up: this is the moment where the annulus jerks back. Now its cells 
appear obscure, they contain but little water distributed along their 
walls besides a cavity apparently filled with air (but void of air, if the 
process of dehiscence took place in vacuum) . 

From this we may conclude that it is of no importance whether the 
annulus cell walls generally are permeable to air or not — and in fact they 
are — , the matter of importance is only the coherence of the water as well 
as its adhesion to the walls. These factors prevent the air from entering 
into the cell cavity during the first stage of the dehiscence when the an- 
nulus has not yet returned, since every smal air bubble would necessarily 
interrupt the adhesion between water and wall. 

With regard to the strength of the cohesion force it may be mentioned 
that according to Renner and Ursprung 2) its value can amount up to 


C. Steinbrinck: Der Oeffnuiigs- und Schleudermechanismus des Farn- 
sporangiums. Ber. dtsch. bot. Ges. 15, 86 (1897); — Kohasions- oder h 5 ?'groskopi- 
scher Mecbamsmus ? Ibidem 21, 217-229 (1903); A. Ursprung: Der Oeffnungsme- 
chanismiis der Pteridopliyten-Sporangien. Jb. Bot. 38, 635-666 (1903); — Beitrage 
zam Bewegungsmechanismus einiger Pteridophyten Sporangien. Ber. dtsch. bot. 
Ges. 22, 73-84 (1904). 

2) A. Ursprung: Ueber die Kohasion des Wassers im Farnanulus. Ber. dtsch. 
bot, Ges. 33, 153-162 (1915). G. Renner: Theoretisches und Experimentelles zur 
Kohasion stheorie des Wasserbewegung. Jb. Bot. 56, 617-667 (1915). 
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350 atmospheres, a value which also has been proved true in physical 
experiments in vitro. 

Another phenomenon, probably related to the dehiscence of the annulus 
is the dehiscence and dissemination of the macrospores in Sdaginella 
which also may be caused, according to Goebel ^), by some mechanism, 
depending upon cohesion or shrinking. For details we refer to the in- 
vestigations of Goebel. 

Finally, attention may be called to the curling-mechanism of some fern- 
fronds (e.g., Polypodium polypodioides, P. vulgare, CeteracJi officinarurn, 
Asplenium Trichomanes, A . Ruta-mur aria) , which has been investigated by 
Pessin“^) and by Schmidt ^). The leaves of Polypodium and Ceterach under 
dry conditions loose the greater amount of water from their lower surface 
with the result that a curling of the blades occurs, which leaves the lower 
epidermis exposed and the upper epidermis concealed on the inside. In 
Asplenium, however, the direction of movement is opposite, there the lower 
surface is curled concavely. 

The curling of the living leaves is mainly the result of a cohesion (and 
shrinkage)-mechanism, though in the beginning of the movement also a 
diminution of the turgor pressure may play a little part. The expansion is, 
in the case of dead leaves, entirely due to imbibition of the cell walls, while 
in the living ones it may also be due to imbibition and (osmotic) turgor 
pressure of the cell contents. 

§ 17. Hygroscopic movements of spores of Equisetum. — In close 
relation to the cohesion mechanism of the annulus are the hygroscopic 
movements of spores of EquiseUim. The wall of those spores consists 
not only of endosporium (intine) and exosporium (exine) but also 
of a third outermost layer, the so-called perispore (perinium), which al- 
so originates from the periplasmodium. In the mature spore this perispore 
ruptures in the form of 2 screw-shaped, parallel, coiled straps, broad bladed 
at their ends. Their centre, however, remains attached to the exosporium 
at one place forming in such a way 4 ribbon-like appendages, the so-called 
elaters. These elaters when wet swell on their outside more than on their 
inner side and thus will bend, coiling around the spore. When drying out 
they reversely uncoil. 

These movements occur automatically when atmospheric humidity 
changes (for instance also by breathing on them). They are caused by the 
different power of imbibition existing on the two sides of the elaters, which 

K. Goebel: Archegoniatenstudien IX. Sporangien, Sporenverbreitung imd 
Bliitenbildung bei Sdaginella. Flora (Jena) 88, 207--228 (1901). 

L. J. Pessin: a physiological and anatomical study of the leaves of Polypo- 
dhim polypodioides. Amer. J. Bot. 11, 370-381 (1924). 

®) W. Schmidt: Ueber den Einrollungsmechanismus einiger Farnblatter. Beih. 
Bot. Cbl. 26, I, 476-508 (1910). 
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is likely to depend on colloidakchemical differences. Possibly they serve for 
a better dissemination of the air-borne spores, depositing them in moist 
places favourable for their germination. 

§ 18. Movements of the chloroplasts. — The tactic movements of 
chloroplasts in ferns do not differ in any respect from the corresponding 
movements known in other plant classes ^). The same is to be said about 
the change of shape of chloroplasts. Therefore, only a few statements will 
be given . 

As in nearly all other higher developed plants, the assimilatory cells of 
ferns contain many but small chlorophyll plastids. Exceptions are found 
in Sdaginella Martensii, S. grandis, S . Kraussiana nnd S. caesia. 

In Selaginella Martensii and S. grandis every cell contains but one large, trough- 
shaped chloroplast lining the inner part of the cell walls. In S. Kraussiana and S. 
caesia there are two equal chloroplasts, which correspond, however, according to 
their position to the two halves of the one trough-shaped chloroplast of S. Martensii. 

As in mosses, the shape of the chloroplasts in ferns is rounded and spheric- 
al or hemispherical in strong sunlight and during long darkening, but in 
diffuse or dimmed light the chromatophores become flattened and more 
lenticular. 

Usually combined herewith are tactic movements of the chloroplasts, 
particularly conspicuous in prothallia. Here the chloroplasts line the outer 
cell walls parallel to the surface of the organ when light is diffuse or weak, 
the side walls being then without chlorophyll (Epistrophe according to 
Frank) ^). 

In prothallia with only one cell layer, but also in certain spongy pa- 
renchyma and palisade tissue the epistrophe is often replaced by the 
diastrophe, as Senn (p. 74 foil., 93 and elsewhere) ^) calls the position 
of the chloroplasts where these border the two opposite (outer) cell 
walls parallel to the organ surface, the walls facing the main light being 
somewhat preferred. 

In dimmed sunlight the chloroplasts partially leave the surface walls 
and pass over to the side walls (Franks' Apostrophe) . Finally, in excessive 
sunlight the chloroplasts leave the surface walls as well as the side walls 


See for instance Manual of Bryology, p. 231. The Hague ( 1932) . 

See further G. Senn: Die Gestalts- und Lageveranderung der Pflanzen- 
Ghromatophoren. Leipzig (1908). 

») B. Frank : Ueber die Veranderung der Lage der Chlorophyllkorner und des 
Protoplasmas in der Zelle, und deren innere und auBere Ursachen. Jb. Bot. 8, 216 
(1872). 
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and cluster together in the inner part of the cells, forming one or more 

compact lumps (Schimper’s Systrophe) ^). vf 

Evidently these movements serve to bring the chloroplasts into the best 
conditions of light with regard to assimilation and protection against too 
intensive radiation. Both the tactic movements and the change of shape : 

of the chloroplasts are caused only by the blue- violet rays, the yellow-red 
spectral part not being efficacious and acting like darkness. ' j 

Concerning the way the tactic movements are carried out several 
theories have been put forward, but it would lead too far to deal with 
them particularly in this chapter. • ‘ 

§ !9. Tactic movements of spermatozoids. — Except the Cycadinae 
and Ginkgoinae the Pteridophyta are the highest class in the realm of 
plants developing spermatozoids for reproduction. Therefore, these are 
the phylogenetic latest plants, in which there is to be found anything like ; 

a tactic movement, apart from the movements of chloroplasts of course. : 

Generally, the behaviour of the spermatozoids of ferns developed in the i 

antheridia of the prothallia does not differ from the behaviour of other 
spermatozoids, for instance in Bryophyta^). Therefore, it may be sufficient 
to deal with only the most important physiological peculiarities. ' ; 

With regard to the morphological structure it may be mentioned that 1 

apart from the Lycopodiinae with only 2 cilia all other ferns have sperma- 
tozoids bearing numerous grouped cilia, especially near the anterior ends 
of their bodies. Often the spermatozoids are a flat, spirally coiled band, 
resembling Si ^covksciew'', e.g. in the Polypodtaceae a.nd Marsiliaceae. The 
direction of the coils of this ''corkscrew” points to the left as well as to the 
right, and similarly some sperms when moving appear to revolve counter- 
clockwise, others in a clockwise direction. 

The spermatozoids apparently show neither clear phototactic nor 
geotactic movements, but conspicuous chemotaxis, the direction of which 
usually is positive, less frequently negative (see later). 

This chemotaxis is caused by very different chemicals, especially the 
salts of organic acids, but not by carbohydrates and ammonia salts. The 
different species of sperms show a diverse behaviour, as results from the 
following list (Bruchmann, Buller, Lidforss, Shibata ^)) : 

q a. F. W. Schimper: Untersuchungen xiber die Chlorophyllkorner und die 
ihnen liomologen Gebilde. Jb. Bot. 16, 1. (1885). 

■q See Manual of Bryology, The Hague 1932, p. 225, 231. 

3) H. Bruchmann : Von der Chemotaxis der LycopodiumS-permsitozoiden. Flora 
(Jena) 99, 193-202. (1909). 

A. H. R. Buller: Contributions to our knowledge of the physiology of the j 

spermatozoa of Ferns. Ann. of Bot. 14, 543-582 (1900). 

B. LiDFORSS : Ueber die Chemotaxis der F^Mf^fi^ww-Spermatozoiden. Ber. dtsch. 
bot. Ges. 23, 314-316 (1905). 

K. Shibata: Untersuchungen iiber die Chemotaxis der Pteridophyten-Spernia- - 

tozoiden. Jb. Bot. 49, 1-60 (1911). 
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Lycopodium lesicts to citric Sicid, 

Equisetum „ „ tartaric and malic acid, 

Isoeies „ „ d- tartaric, fu marie, malic and succinic acid, 

Salvinia „ „ malonic and malic acid, 

Filicinae react „ ,, „ „ , „ 

Selaginella reacts „ malic acid. 

The spermatozoids {Isoetes and Filices) are also influenced by certain 
other organic acids related with the above mentioned ones as to their 
chemical constitution (Shibata). They react further to alkaloids, Equise- 
ium for instance to morphine-, cocaine-chlorohydrates and strychnine ni- 
trate. But not only organic compounds are efficacious, but also some me- 
tallic ions, e.g. potassium, rubidium (Buller) and lithium on Filices, cal- 
cium and strontium on Salvinia and Osmunda, and in the case of Equisetum 
even many other metallic ions (Shibata). In all these cases the different 
compounds, whether organic or inorganic must be ionised in order to be 
effective. From that we may conclude that the ions are the very agents, 
and not the undissociated molecules. 

Moreover the degree of concentration of the chemotacticum is of im- 
portance too. For instance H- and OH-ions cause positive movements in 
lower concentration, but negative taxis in higher concentration. The same 
occurs with the malic acid, but here perhaps the degree of dissociation 
of the acid, that is to say the amount of H-ions, is responsible 
for the effect. As malic acid (COOH-GHg-CHOH-COOH) or its salts are 
the main compounds to cause taxis of the fern spermatozoa, we 
may consider them to be of the nature of those substances which usually 
emanate from the archegonia and which attract the spermatozoids to the 
latter. 

Pfeffer was the first to investigate the chemotactic movements from 
a quantitative point of view. He established the validity of the law of 
Weber-Fechner and gave values for the threshold that is the lowest 
effective concentration of a chemotacticum. For instance, for malic 
acid and Filices spermatozoa he observed a threshold of about 0,001% 
or less. 

Pfeffers’ method consisted in bringing spermatozoids in a shallow dish 
containing pure water or weak solutions of malic acid. After this he put the 
point of a small capillary tube into the liquid, the tube also being filled 
with malic acid, but of higher concentration than the content of the dish. 
Consequently, the malic acid diffused out' the capillary tube into the li- 
quid attracting the spermatozoa like the aperture of an archegonium. He 


q W. Pfeffer: Locomotorische R-ichtungsbewegungen durch chemische 
Reize. Untersuch. Bot. Inst. Tubingen j, 363-482 (1884). See also Ber. dtsch. bot, 
Ges. 1, 524-533 (1883). 

^) See DU Buy-Nuernbergk 1935, p. 472 (referred to on p. 314). 
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then determined the lowest difference of concentration between the solution 
of the capillary tube and the solution of the dish, a concentration difference 
just sufficient to cause an accumulation around and an entering of sper- 
matozoids into the tube. In this way he obtained the following relative 
thresholds in FiUces: 

If the solution of the dish contained 

0,0005% malic acid, 1 the concentration in the capillary tube f 0,015% malic acid, 
0,001 % „ » I had to be - J 0,03 % „ „ 

0,01 % „ \ \ . i 0,3 % „ 

0,5 % „ j i 1,5 % „ 

It follows from this that the malic acid concentration in the tube must 
be 30 times higher than that in the dish, if spermatozoa shall be attracted 
by the tube. 

Pfeffer already stated that this relative, constant threshold is not 
valid but for 0,0005-0,9% malic acid concentration in the dish. Shibata 
obtained other values, and we must assume that the spermatozoids 
being in the solution during a longer time become gradually adapted to a 
certain concentration of the agent . The resulting consequency would be that 
the law of Weber-Fechner, if at all, cannot be valid but transitorily and 
then only within a limited range (cf. DU Buy-Nuernbergk ^)). 

In connection withthese facts, it is very interesting to discuss the problem 
of the manner in which spermatozoids are directed when moving towards 
the source of the chemotacticum. Two theories have been stated: the so- 
called ‘docal action theory of tropisms” (== theory of Loeb), which includes 
the “topotactic’' movements of Pfeffer, and the theory of Jennings ^), 
the so-called ‘Trial and error’ ’-theory (also including the '‘phobotactic” 
movements of Pfeffer ^)). 

According to the “local action theory'' the positive response of a sperm 
takes place as follows: the spermatozoid, swimming about at random and 
coming to that portion of the medium in which the chemotacticum is pre- 
sent, has its movements directly modified by the chemotactic agent, so 
that the direction of its axis is turned towards the region of the chemotac- 
ticum; it then proceeds in a straight line towards the agent. The total 
action is caused by the u n e q u a 1 d i s t r i b u t i o n (that is t o say by 
the different concentration) o f t h e chemotacticum on d i f- 


q Seep. 341. 

q See p. 342 respectively p, 314. 

®) H. S. Jennings: Behavior of the lower organisms. New York, Macmillan 
(1906). — See also: german transl. by Mangold: „Das Verhalten der niederen Or- 
ganismen”. Leipzig-Berlin (1910). 

H. S. Jennings: The interpretation of the behavior of the lower organisms. 
Science N.S. 27, 698-710 (1908). 

^) W. Pfeffer: Pflanzenphysiologie, vol. 2, p. 754 foil., 757. 2nd ed. Leipzig 
(1904). 
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lerent parts of t h e s pe r m, this acts locally on certain 
parts of the body, directly influencing the motor organs and modifying 
the action of them. Therefore, the essential part of the reaction is the 
orientation of the organism so that its axis is placed parallel to the direction 
of the gradient of the chemotacticum (Hoyt ^). 

According to iht theory of Jennings the spermatozoid, coming into the 
region of a chemotacticum to which it reacts “positively'', enters this 
region without reacting, but upon tending to leave the region, it reacts by 
turning back (phobotactically) ; the “positive" response is thus obtained by 
a series of “negative" reactions whenever the organism tends to go in a 
direction leading away from the source of chemotacticum (Hoyt ^). The 
essential point in this case is the fact that the change of the c o n- 
ditions to which the sperm is subjected, acts on the orga- 
nism as a whole, and that the sperm responds as a whole, perfor- 
ming complex and coordinated movements. Therefore, the nature of 
the reaction is that the spermatozoid shows no response in passing to- 
wards the region of optimal concentration, but reacts by turning back 
upon tending to pass from the optimum. According to Jennings, the 
reaction obtained depends on the physiological condition of the organism, 
which is in turn partly determined by the past experiences of the organism. 

Most authors (e.g. Shibata ^)) believe that the positive response of fern 
sperms is due to the directive action of the chemotactic substance on the 
motor organs, the axis being thus turned towards the agent. Most workers, 
however, while holding this view, have noted that many sperms do not 
react as thus described, but may wander about the field, or pass through it 
indifferently, or may avoid it. Although such reactions often have been 
ascribed to individual differences, they yet induced some investigators to 
abandon the “local action theory" in favour of the “trial and error- 
theory", For instance, even Hoyt ^), in his detailed investigations on the 
chemotaxis of fern sperms considers their movements and reactions to be 
dueto the effect of the chemotacticum on the o r g a n i s m as a w ho 1 e 
and not to the action of different concentrations of the agent on local parts 
of the sperms. 

Metzner ^), however, was able to settle the different contradictions 
mentioned above, and showed that in general the chemotactic 
movements of the sperms follow the “local action theory of tropisms". The 
sperms seem to react “as a whole" only when no local concentration 
difference of the agent is operating, for instance when a spermatozoid is 


4) W, D. Hoyt: Physiological aspects of fertilization and hybridization in ferns. 
Hot. Gaz. 49, 340-370, 355 (1910). 

“) See p. 341. 

P. Metzner: Studien uber die Bewegungsmechanik der Spermatozoiden. 
Beitr. alig. Bot. 2, 435-499 (1923). 
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swimming directly towards the source of the chemotacticum or away from 
it (see also further below) . 

However, as soon as a sperm moves in a direction such as to bring about 
a local concentration difference on the opposite sides of the organism, the 
latter changes its direction swimming now in a smooth curve and without 
vacilation towards the higher concentration of the agent. 

Based on his observations Metzner supposes that an increase, of the 
concentration of the chemotacticum also increases the frequency of 
vibration of the cilia, and this opinion would be compatible with the fact 
that a unilateral increase of the cilia frequency caused by a higher concen- 
tration leads to a curved course. 

Regarding the permanent rotation of the swimming sperms on their 
axes some investigators believed that this fact did not lend probability to 
the explanation of the tactic movements according to the “local action 
theory”, Metzner, however, has refuted this opinion. Firstly, the rotation 
and the lashing about of the cilia does not disorder the “gradient field” of a 
chemotacticum by forming vortices, as the only result of the swinging of 
the cilia appears to be an attraction and sucking up of the liquid towards 
and through the circles formed by the ends of the vibrating cilia. 
Consequently, vortices can arise only within the swinging space of the 
cilia and in the proximity of the sperm-nucleus, but never near the 
outside of the cilia, the probable places of chemotactic perception. 

Secondly, the cilia show a reaction-time of about 0.1 sec., while the 
rotation time amounts to about 0.2-0.25 sec. per revolution. Hence, when a 
rotating sperm is influenced b}^ a higher chemical concentration on one 
side of the cilia, the increase of the frequency of vibration (see above) does 
not occur until after the influenced part of the cilia has moved about half 
a revolution towards the opposite side. Consequently; the impulse bringing 
about the change of direction always occurs on the side opposite to the 
place of the chemical influence. 

There exists also a metachronism with respect to the movement of the 
cilia, i.e. , the cilia of a spiral row (see p. 34 i ) do not react together at the same 
time, but they react one after the other, the first governing the vibrations of 
the resting ones. The angular velocity of this metachronism is about the 
same as the velocity corresponding with the rotation, and does not modify 
the mode of reaction in any way. 

Finally, we can observe in certain cases a kind of response much resem- 
bling the phobotactic reactions in the sense of the terminology of 
Jennings. ' , , ‘ . 

The}^ occur for instance, when a sperm penetrates into a concentration 
of the chemotacticum exceeding the optimum thereby retarding again the 
vibration of the cilia, or when — with the same effect on the cilia — a sperm 
on its course gets from a higher to a lower Goncentration (e.g., in the 
neighbourhood of the source of the chemotacticum) . In all such cases the 
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spermatozoid turns off, the direction of the new course being dependent on 
the direction which the sperm had when meeting the alteration. 

Therefore, this turning aside (or back) does not show any uniformity 
but takes the character of a phobotaxis. Since, however, a real turning 
back or swimming back in exactly the same direction, in which the or- 
ganism approached, does not seem to occur, Metzner calls this kind of 
response the fseudophohotactic reaction. 

In the case of a real phobotactic response we should expect that the 
sperm by turning back suddenly would reverse the direction in which the 
cilia swing, and this with regard to the whole of the cilia. As Metzner 
could not prove any reaction of this kind, he. assumes that the turning 
back is caused by a local slackening of the cilia action only on^ that side of 
the organism, where the higher or lower concentration of the agent first 
acts. Consequently, the essential point of these pseudophobotactic reactions 
r e mains the local action of the agent on different parts of the organism, 
the very thing which has been learned from the normal kind of response 
formerly described. 

Finally, recapitulating the leading features of the two theories, it is to 
be stated that only the 'local action theory'’ gives an analytically elaborate 
and logical explanation of the mode of tactic response, whereas the theory 
of Jennings is not able to reduce the complexity of the tactic movements 
to analytically comprehensible and less complex processes. 



Chapter XI 

CHEMIE UND STOFFWECHSEL 

( von 

V Karl Wetzel (Berlin) 

§ 1. Einleitung. — Eaum eine andere systematische Pflanzengruppe 
ist biochemisch und stoffwechselphysiologisch so mangelhaft erforscht 
■wie die der Pteridophyten. Selbst in recht zuverlassigen bioehemischen 
Handbiichern wie denen von Czapek, Wehmer und Klein klaffen in den 
' Angaben zwischen Moosen und Phanerogamen gahnende Lucken. Eine 

planmassige Bearbeitung des Stoffbestandes und Stoffwechsels^ der Pte- 
ridophyten fehlt uns noeh voUstandig. Die heute vorliegenden einschlap- 
gen Arbeiten lassen sich hinsichtlich ihrer Zielsetzung in 2 Gruppen ein- 
teilen. Die einen befassen sich mit einigen besonders auffalligen Erschei- 
nungen, wie dem Kieselsaure- und Aluminiumgehalt der Pteridophyten 
Oder dem Auftreten eigenartiger Stoffe, wie der Farnsaureii, haxzartiger 
Korper odef der Sporopollenine der Sporenwande. Die andere Gruppe von 
Arbeiten kniipft an die Verwendung einiger Pteridophjden in dep Phar- 
mazie an und steht vorzugsweise im Dienst einer Forderung der Dropn- 
analvse. Dagegen ist der Stoffwechsel und seme Dynamik bei Pteri- 
dophyten nur in wenigen Stichproben untersucht, die wohl etwas vOTzeitig 
und generalisierend zu der Auffassung gefiihrt haben, dass ^e Gefass- 
^■7 krvptogamen stoffwechselphysiologisch sich unmittelbar an die Bluten- 

pflanzen anschliessen. Es erscheint indessen kaum zweifelhaft, dass eine 
eingehendere Kenntnis auch hier zu einer wesentlich differenzierteren AuF 
fassung fiihren und dem Phylogenetiker manch wertvollen Hinweis auf die 
verwandtschaftlichen Beziehungen innerhalb dieser systematischen Grup- 

^^D?folge?(fe Abhandlung kann daher kein befriedigendes Bild Tiber 
Chemie und Stoffwechsel der Pteridophyten geben, sondern muss sich mit 
einer Zusammenfassung der in der Literatur weit zerstreuten Aiiga en 
und bescheidenen eigenen Versuchen einer Abrundung der sich daraus 
ergebenden Vorstellungen begniigen, die wir mit dem Wunsche niederlegen, 
dass sie bald durch umfassendere Untersuchungen ihre notwendige Er- 
weiterung und Erganzung finden mochten. 
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§ 2 . Die Zeilmembran. ; — Der Hauptbestandteil der Zellmembran 
der Pteridoplijden ist die Zellulose; daneben aber treten schwer hydroly- 
sierbare Hemizellulosen in grosserer Menge auf. Wenn altere Autoren (vgl. 
Merkelbach) als Hydrolysenprodukte der Zellulose von Pteridophyteii'- 
zellwanden fast regelmassige Mannane angeben, so beruht dieser Irrtum 
auf unvollstandiger Hydrolyse der Hemizellulosen. Es ist bekannt, dass 
gerade Mannane der Hydrolyse mit 5% iger HCl langer widerstehen: so 
mussten Hagglund und Klingstedt 2) 21/2 Tage mit 72%iger H2SO4 
bei Zimmertemperatur hydrolysieren, um alle Hemizellulosen in Losung 
zu bringen. Hieraus erklart sich auch die angebliche Mannosearmut der 
Pteridophyten-Hemizellulose. Als Hydrolysenprodukte der Hemizellulo- 
sen ergeben sich erhebliche Mengen von Galaktose, Arabinose und Man- 
nose, neben wenig Methylpentosen. Bemerkenswert erscheint noch, dass 
sich die Hemizellulosen fertiler und steriler Sprosse von Equisetumarten 
chemisch unterscheiden durch die fehlende Galaktose in den ersteren, wo 
sie nur in den Sporophyll tragenden Kopfen gefunden wurde. 

Der Pentosengehalt scheint in einzelnen Arten derselben Gattung stark 
zu schwanken. So wird angegeben fiir: Lycopodium clavatum 9,35% Pen- 
tosen, L, annotinum 8,1%, L, alpinum 17,0%, Z. Selago Ob dieses 

Mehr an Pentosen auf einen tlberschuss an Hemizellulosen oder auf einen 
solchen anPektinen zuriickzufuhren ist, bedarf noch naherer Untersuchung. 

§ 3. Die Sporopollenme — Eine vollig andersartige chemische 
Zusammensetzung weisen die Membranen der Sporen auf, die mit der- 
jenigen der Mikrosporen der Phanerogamen weitgehend ubereinzustimmen 
scheint . Man bezeichnet diese Membransubstanzen daher als Sporopollenine. 
Mikrochemisch haben diese Stoffe manche Reaktionsweise mit Cutin und 
Suberin gemein, chemisch aber haben sie mit diesen Stoffgruppen nichts 
zu tun. Sie gehoren ihrer Zusammensetzung nach vielmehr zu den poly- 
mer en Terpen en, mit denen sie auch in ihrem Verhaltnis von C : H (5 : 8) 
ubereinstimmen. Dagegen ist der Sauerstoffgehalt sehr variabel und flir 
einzelne Sporopollenine recht charakteristisch. Nach den bisherigen Un- 
t ersuch ungen darf man annehmen, dass der O weder in carboxylatischer 
noch in carbonylartiger Bindung vorliegt ,v neben Hydroxylen wird man 
vielleicht noch atherartige Bindungen annehmen rniissen, Ihr besonderes 
Charakteristicum besitzen die Sporopollenine in ihrer chemischen Bestan- 
digkeit : verdiinnte Mineralsauren vermogen sie iiberhaupt nicht, konzen- 
trierte nur langsam zu zerlegen. Alkalien vermogen praktisch nur in der 


Merkelbach: : Die cliera. Zusammensetzung der Zellwande bei einigen Gefass- 
kryptogamen. Diss. Freiburg 1907. 

2) Hagglund und KlingstEdt: Ann. d. Chem. 459, 26, 1927. Cellulosechemie 
5, '58, 1924. 

3) Vgl. Zetzsche: Klein, Handb. d. Pflanzenanalyse II, S. 205. 
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Schmelze anzugreifen. Seibst Acetylbromid das sogar Zellulose und Lignin 
in losliche Siibstanzen iiberziifiihren vermag, bleibt ohne erkennbare 
Wirkung aiif die Sporenmembranen. Diese Eigenschaft und die andere 
niit Halogenen oxydationsbestandige Verbindungen einzugehen, sind fiir 
die Abtrennung dieser Substanzen von andern Zellstoffen von grosser 
praktischer Bedeutung. 

Im allgemeinen besteht iiur das derbere Exospor aus Sporopolleninen, 
wahrend am iVufbau des zarteren Endospors Zellulose massgeblicli beteiligt 
ist. Mengenmassig iiberwiegt das erstere sehr stark (90%). Aiif die holie 
Resist enz der Sporopollenine gegen cliemische, physikalische und biolo- 
gische Einfliisse ist die wundervolle Erhaltung der Sporen und Pollen in 
abgelagerten Kolile- und Torfschichten zuriickzufuhren. 

Bekanntlich macht die Pollenanalyse praktischen Gebrauch von dieser 
Ersclieinung, um die Entstehungsgeschichte organogener Ablagerungen 
besonders der Moore aufzuliellen. Es scheint indessen, dass die hohe che- 
mische Resistenz der Pollenmembranstoffe hierbei nocli nicht metliodisch 
voll ausgeniitzt ist. Man konnte sich hiervon noch eine bedeutsame Er- 
leichterung und Prazisierung der poUenanalytischen Methode versprechen. 
Hinsiclitlich der Isolierung der Sporopollenine aus Olscbiefer vergl. Klein. 
Handbuch d. Pfianzenanalyse S. 339 ff, aus Tor f S. 309 und aus Braun- 
kohle S. 313. 

§ 4. Verkieseiung der Membran. — Besonders reichliche Einlage- 
rung von Kieselsaure findet sich bekanntlich in den Membranen der Aus- 
senschichten von Equiseten, Ihre Isolierung erfordert die vorangehende 
Entfernung der Alkalisalze durch Sauren und der organischen Substanzen 
durch Oxydantien. Nach weiterer Behandlung des Rlickstandes mit Am- 
moniak und fettlosenden Agenzien, bleibt, ein Rest, der zu 97-98% aus 
SiOg besteht und unter dem Mikroskop deutlich die Strukturen der Aus- 
sen membran zeigt. Lange hat Kieselsaureverbindungen auch im Zell- 
saft von Equisetum hiemale nachweisen konnen. In welcher Form, ob 
als Gel Oder kristaliisiert, ob in organischer oder anorganischer Bindung 
das Si vorkommt, scheint noch nicht bekannt zu sein. Erhebliche Kiesel- 
saureniengen hat Keegan 2) auch in Pteridium aqailinum nachgewiesen, 
die im Herbst von 17 auf 53% anstiegen. 

Reich an Kieselsaure sind Equisetum Telmatej a, E, arvense und E. 
hiemale /die aus diesem Grunde zum Scheuern von Metall und Holzge- 
fassen Verwendung linden. In der Heilkunde werden die Schachtelhalme 
von alters her als Diureticum verordnet. 

Ein Maximum an Kieselsaure findet sich in der Asche von 
maximum, wo Church 63% des Asehengehalts an Kieselsaure feststellte. 


0 Lange: Ber. chem. Ges. 1 1, 822, 1878. 
“) Keegan; Chem. NTews 1 1, 289, 1915. 


350 


KARL WETZEL, CHEMIE UND STOFFWEGHSEL 


Die folgende Tabelle gibt weiteres Zahlenmaterial wieder (vgl. 



Kieselsaure 

Pflanze 

in % des 
Aschengehalts 

Equisetum Telmateja . 

. 31,083% SiOa 

„ hiemale . . 

. 8.75 % „ 

,, arvense . . 

. 6,188% „ 

Lycopodium alpinum , 

. 10,24% „ 

„ cernuum . 

. 30.25 % ,. 

„ clavatum . 

. 6,40 % „ 

,, Billardieri 

. 3,14 % „ 

Selago . . 

. 2,53 %o 

Selaginella spinulosa. . 

. 6,67 % „ 

Psilotum triquetrum . . 

. 3,77 % „ 

Cyathea serf a .... 

. 12,66 % „ 

Ophioglossum vulgatum 

. 5,32 % „ 

Salvinia natans . . . . 

. 6,71 % „ 

Marsilia quadrifoUa 

. 0,88 % „ 

Pteridium aquilinum . 

. 49,85 % „ 


Gillot und Durafour^) geben fiir unter bestimmten Bedingungen 
(Ca-arm und Mg-arm) gezogene Pflanzen von Adlerfarn sogar einen SiOg- 
Gehalt von 68,8% der Asche an. Weitere Angaben tiber den Kieselsaure- 
gehalt bei Mafattiaceen s. Poirault und bei Selaginella s. Ha'RV'EY- 
Gibson ^). 

§ 5. Lignin. — Auf Grund der ausfuhiiichen Untersuchung Lins- 
BAUERS '^) wurde bis in die neuere Zeit angenommen, dass bei den Pteri- 
dophyten die Verholzung der Zellmembran zum erstenmal im ganzen 
Pflanzenreich einsetze. Waksman und Stavens geben demgegenuber 
zwar zu, dass die Farbreaktionen auf Holz in Moosen tatsaclilich ausblei- 
ben, jedoch gelang es ihnen auf chemischem Wege aus Sphagmim neben 
35,2% Zellulose immerhin 9,2% Lignin zu isolieren. Der niedrige Methoxyl- 
gehalt des Mooslignins lasst librigens erkennen, dass sich dasselbe auch 
im chemischen Aufbau von dem Holzstoff der Pteridophyten und hoheren 
Pflanzen unter scheidet. 

Voilig hoizfrei unter den Pteridophyten wurde bisher nur 
custfis befunden (Burgerstein ^)). Bei Safowm dagegen ist nur mehr 


b Church : Chem. News 1874, S. 137; Journ. of Bot. 1875, S. 169. 

2) Mariani ; Justs Jahresber. I, 58, 1888. 

Hornberger : Landw. Vers. Stat. 32, 371, 1886. 

Gillot und Durafour: Bull. Soc. de Natur. de L’Ain, 1904, Just II, 1052, 

1904. 

5) Poirault: Ann. Sci. Nat. (7), 18, 113, 1893. 

Harvey^Gibson : Ann. of Bot. 7, 355, 1893. 

'^) Linsbauer: Oesterr. Bot. Zeitg, 49, 317, 1899. 

®) Waksman und Stavens: Soil Science 26, 133. Vgl. auch Stadtnikoff; Brenn- 
stoffchemie 11, 21, 1930. 

®) Burgerstein: Sitz. Ber. Kaiserl. Akad. Wiss. Wien 70. 1874. 
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das Xylem ligninfrei, wahrend im mechanischen System auffallend dunkel 
gefarbtes Lignin auftritt. 

Bei den Equiseten sind die mechanischen Systeme der oberirdiscnen Or- 
gane ebenfalls unverholzt, bei Selaginella geben nur die Mittellamellen 
Ligninreaktion, wahrend Lycopodium normal verholztes Festigungsgewebe 
besitzt. Bei einer ganzen Anzahl von Arten dieser Gattung kommen Ler- 
holzungen sogar im Mesophyll vor (L. annotimm, L. clavatuni, L. vo- 
lubile, L. complanatum). Selbst die Epidermis und partiell sogar dm 
Schliesszellen sind hier verholzt. Auch Selnginella hat ahnlich wie die 
Cycadeen und Coniferen verholzte Schliesszellenwande. Stark verholzt 
sind vor allem auch die Aussenwande der Farnsporangien. In vielen Fallen 
zeigen auch die Endodermisradialwande Lignineinlagerung. 

Im ganzen also ist die Verholzung bei den Pteridophyten weit verbreitet. 
Linsbauer deutet diese Erscheinung als Ausdruck einer bei den Pteri- 
dophyten bereits weitgehend durchgefiilirten Arbeitste^lung der Zellen. 

§ 6. Kohlehydrate. — Wir verweisen hier zunachst auf das Kapitel 
liber den Membranaufbau und die daran beteiligten Kohlehydrate. Im 
allgemeinen weisen die Pteridophyten hinsichtlich der Kohlehydrate 
ahnliche Verhaltnisse wie die hoheren Pflanzen auf. Das wichtigste Re- 
servekohlehydrat ist die S t a r k e, die vor allem in Rhizomen z.T. auch 
im Stengelmark der baumformigen tropischen Fame gespeichert wird. 
Ripperton untersuchte im Hinblick auf die Mdglichkeit einer techni- 
schen Ausbeutung den Starkegehalt der Stamme hawajanischer Baum- 
farne iCihotium Chamissoi), d\& in Hawai ein Areal von etwa 400.000 acres 
bedecken. Danach scheint der Starkegehalt dieser Farnstamme demjeni- 
gen der Cannarhizome wenig nachzustehen ; obwohl neben der Staike 
noch erhebliche Mengen reduzierender Zucker isoliert werden konnten, 
musste doch von einer technischen Gewinnung der Farnstarke aus Ren- 
tabilitatsgriinden Abstand genommen werden. In den Rhizomen der 
Fame scheint die Starke wenn nicht der einzige, so doch immer der we- 
sentlichste Reservestoff zu sein. (Czapek 1, 395). liber die quantitativen 
Verhaltnisse ist auch hier wenig bekannt. Wir selbst fanden in den nach- 
mittags abgenommenen Blattern von Blechnum brasiliense etwa 1 /o des 
Frischgewichts an Starke, also Mengen, wie man sie aus Blattern holier er 
Pflanzen auch kennt. Der Gehalt der Rhizome an Starke (15, 4-28,2% 
nach Kruse) wird demjenigen der Kart off el wenig nachstehen, wm aus 
dem mikroskopischen Bild zu vermuten ist, das dicht mit Starkekornern 
erfiillte . Rindenparenchym-, Starkescheide- und Holzparenchymzellen 
zeigt. Die Rhizome von Pteridium aquilinum sind so starkereich, dass sie 
friiher die Hauptnahrung der Maoris Uefern konnten. 

Zucker: An Zuckern hat Lieber®) in den Knollen einer Nephrolep%s- 

Ripperton : Hawaii exp. Stat. Bulletin No. 63, 1924. 

3) Libber: Ber. naturw. med. Ver. Innsbruck 1910, XXXVIII, 34. 
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art neben d-Gliikose, noch d-Fruktose und Maltose, insgesamt etwa 16% 
Zucker nachgewiesen. In den Blattern von Blechmm brasiliense fanden wir 
etwa 0,87 g vergarbare Zucker pro 100 g Frischgewicht. Auffallenderweise 
soli nach Basecke Saccharose in den Blattern von Phyllitis Scolo fen- 
drum ganzlich fehien. Es ist nicht ausgeschlossen, dass der Rohrzucker 
gelegentlich durch Trehalose ersetzt ist. Anselmino und Gilg^) 
berichten iiber erhebhche Trehalosemengen in Selaginella lepidophylla 
(2,5%), dochsind andere Selaginella-Mien trehalosefrei befunden worden. 
Inwieweit auch in Farnen stoffliche Beziehungen zwischen Trehalose und 
Mannit wie etwa bei Pilzen bestehen, bedarf noch der Aufklarung. An- 
selmino und Gilg haben in ihrer Versuchspflanze keinen Mannit gef unden. 

§ 7. Glykoside. — Unsere Kenntnisse iiber das Vorkommen von 
Glykosiden in Pteridophyten ist ganz besonders diirftig. Weder 
CzAPEK noch Wehmer machen hieriiber irgendwelche Angaben. Als erster 
hat wohl Greshoff 2) Blausaure im Adlerfarn, ferner in Gym- 
nogramme aurea und G. cordata, sowie in einer nicht naher identifizierten 
Lastraea-imdAthyrium-Avt festgestellt. Spater hat sich Mirande um die 
Entstehung der Blausaure in Farnen hemixht. Pteridium aquilinum ent- 
halt danach ein cyanogenes Glykosid von Amygdalin-Charakter, das bei 
der Hydrolyse Benzaldehyd abspaltet. Mirande 3) stellte ein solches Gly- 
kosid auch hei Cystopteris fragilis alpina, einem in der Dauphinee und in 
Savojen haufigen Farn fest. Das Glykosid ist wie das emulsinartige Fer- 
ment zii seiner Spaltung in alien grtinen Pflanzenteilen enthalten ; wie es 
indes bei Glykosiden iiblich ist, sind Substrat und Ferment trotzdem lokal 
getrennt, so dass die Ferment wirkung erst bei Schadigung oder Zer- 
storung der Plasmastruktur deutlich in Erscheinung tritt. Das einige 
Zeit der Autolyse iiberlassene Pflanzenmaterial gibt bei der Destination 
Benzaldehyd ab. Es wird vermutet, dass das Glykosid hauptsachlich 
im Zellsaft, das Ferment dagegen im Plasma lokalisiert ist. 

§ 8. Organische Sauren. — a) Aliphatische Sauren: Es ist u.W. nie 
versucht worden, das Vorkommen von organischen Sauren in Pteridophy- 
ten einer planmassigen Untersuchung zu unterziehen. Die meisten An- 
gaben beruhen vielmehr auf Nebenbef unden und sind daher im hochsten 
Gx'ade liickenhaft. Fettsauren: So entnehme ich die einzige Angabe iiber 
das Auftreten von E s s i g s a u r e einer Analysentabelle im Equisetum 
maximum Y on Beacon net. Uber die Entstehung und das physiologische 
Schicksal der Saure werden keinerlei Angaben gemacht. Pr o pion- 


0 Anselmino und Gilg: Ber. Deutsch. Pharm. Ges, 23, 1913. 

“) Greshoff: Pharm ’Weekbl. voor Nederl. 45, 770, 1908. 

■^) Mirande: C. r. d. seances derAcad. des Sciences 167, 695, 1913. 
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S a u r e soil sich angeblich im Rhizom von Dryofteris FiUx-mas sovfie in 
dem extrahierten Wurnifarnol gefunden haben. 

Viel sicherer und auch haufiger ist das Auftreten der B u 1 1 e r s a u r e. 
Ihr Vorkommen scheint an das gleichzeitige Auftreten vonPhloro- 
o- 1 u c i n gebunden, denn alle Fame, in denen der eine Stoff naehgewiesen 
werden konnte, enthielten auch den andern. Beide Stoffe kommen indes 
wahrscheinlich nicht frei, sondern als Komponenten der F am s a u r e n 
(s S 356) vor Die Buttersaure ist in ihnen als Phloroglucinbutanon ge- 
bunden Manche dieser Farnsauren wie Aspidin und Filmaron spalten 
im Organismus die Komponenten Phloroglucin und Buttersaure ab. W ei- 

tere Angaben siehe unter Farnsauren. , .r,, ■ 

C a p r y 1- und Cerotinsaure sind Bestandteile des Rhizomols 
und des Sporenfettes von Dryopteris Filix-mas, wahrend die Sporen von 
Lycopodium davatum die Lycopodiumsaure glyceridartig ge- 
bunden enthalten. Im Fett des Stengels von Equisetum arvense L. konnte 
die ungesattigte L i n o 1 e n s a u r e festgestellt werden Die Dicarbon- 
saure Azelainsaure wurde aus Sporenextrakt des \\ urmfains, die 
ungesattigte Tricarbonsaure Aconitsaure als Ca-Salz aus Eqmse- 

tumfluviatile und E.pahistreisdlievt. ^ 

Verbreiteter scheint nach den Angaben der Literatur die O x a 1 s a u r e 
in den Farnen zu sein, da sich die. Mehrzahl der Angaben iiber Saurevor- 
kommen in Pteridophyten auf diese Saure bezieht. In der bereits citier- 
ten Analyse fiir Equisetum maximum werden Spuren von Oxalat erwabnt. 
Im iibrigen aber herrschte seit den Untersuchungen Kohls ^), dei nur in 3 
von 34 untersuchten Farnarten Oxalatvorkommen nachweisen konnte. 
die Ansicht vor, dass Kryptogamen im Gegensatz zu den hoheren Pflanzen 
arm an Qxalsaure seien, ein Standpunkt den auch de Baey in seiner Ver- 

gleichenden Anatomie vertrat. ^ 

PoiEAULT 2) konnte indes zeigen, dass den friiheren Forschern die Oxalat- 
kristalle offenbar nur wegen ihrer besonderen Klemheit in den Farnen 
entgangen waren. Er fiihrt eine recht respektable Reihe von Oxalat fuh- 
renden Farnen auf und weist auch bereits auf Oxalatkristalle aus verse le- 
denen Kristallsystemen hin, wobei ihm nicht verborgen blieb, dass die 
Kristallform besonders vom Schleimgehalt und der Reaktion des Zellsafts 
abhangig war ; in schleimreichen Zellen mit starker saurem Zellsatt herrsch- 
ten die monoklinen Kristalle, in saurearmen Zellen dagegen Formen des 
quadratischen Systems vor. In einer ausfuhriichen Studie hat neuerdmgs 
Frey diese Angaben auch fiir die hoheren Pflanzen bestatigt und naher 
prazisiert. Hinsichtlich der Lokalisation der Oxalatkristalle 
wird von alien Autoren einheitlich hervorgehoben, dass nur die Epider- 
mis und das unmittelbar darunter liegende hypodermale Gewebe 
Oxalat fiihren, wahrend die Biindel stets frei davon bef unden wur den. 

1) Kohl: Kalk- und Kieselsalze. Marburg 1890. 

Poirault: Tourn. de Bot. 1893, 72. 

^ . 23 '' 
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Von der. Wasserfarnen fiihrt nach Kohl Oxalat, wahrend es 

bei den Lycofodiinae den G^iinngtn Selaginella un^ Psiloturn iem 

Sparlicher noch sind die Angaben iiber das Vorkommen der Apfel- 
s a u r e in Pteridophyten, obwohl diese Same nach den eigenen onentie- 
renden Untersnchungen in Farnen analog den Verhaltnissen in den hoheren 
Pflanzen und in scharfem Gegensatz zu den Pilzen viel verbreiteter ist als 
die Oxalsame. Belzung nnd Poihault beschreiben Ca-Malat-Vorkom- 
men in Blattern von Angiopteris evecta und Regnault ®) weist anf Apfel- 

s&aie hei Equiseien hin. . . 

Im Folgenden geben wir eine Tabelie wieder, die die Ergebnisse eigener 
Saureuntersuchungen an Blattern einiger Fame enthalten. Die Same wurde 
nach den im Leipziger Botanischen Institut ausgearbeiteten Methoden 
quantitativ bestimmt und zwar in beiden Formen, der optisch aktiven 
und der racemischen Komponente. Als optisch aktive Same trat stets die 
TForm auf ein weiterer Analogiefall zu den hoheren Pflanzen. Die An- 
gaben beziehen sich auf 1 g Trockengewicht ; urn eine Bezugsrnoglichkeit 
auf das Frischgewicht zu ermoglichen, ist bei alien Arten noch der % uale 
Anted des Trockengewichts am Frischgewicht angegeben. Saurezahlen in 
Millimol 2 basischer Saure. 





i Apfel- 

Trock. Gew. 


Gesamt- 

1’ Apfel- 

in % des 

Pflanze 

saure 

saure 

sS.ure 

Frischgew. 

Platy cerium 

Polypodium aureum . - 
Blechnum brasil. (alt) . - 
Blechnum brasil. (jung) . 

0,247 

0,221 

0,127 

0,257 

0,075 

0,075 

0,025 

0,014 

0,017 

0,077 

0,057 

0,081 

16,7 

28,6 

29.6 

23.7 

Poly podium aureum /. ra- 
mosum . ...... 

Dicksiona antarctic a . . 

0,213 

0,142 

0,006 

0,003 

0,111 

0,077 

16,1 

45,6 

Dryopieris Filix-mas . . 

0,114 

0,033 

0,047 

20,1 


Es ist ersichtlich, dass in alien untersuchten Farnen die Apfelsaure mehr 
als die Halfte der Gesamtsaure ausmacht. wohingegen von Oxalsaure nur 
Spuren gefunden wurden. Quantitativ ist also nicht die Oxalsaure, sondern 
die Apfelsaure die wichtigste organische Saure der Fame. . 

Mit den hoheren Pflanzen hahen die Fame offensichtlich auch den diur- 
nalen Samestoffwechsel gemein: wenn auch keine ausfiihrlichen Unter- 


») Vergl. auch Monteverde: Justs Jahresber. 1889. Giesenhagen; Flora 76, 
Terletzi: Jahrb. wiss. Bot. 15, 491. Vinge: Bidrag til kannedomen om ormbun- 
karnes bladbyggnad. Lund 1889. 

a) Belzung u. Poirault: Journ. de Bot. 1892 (p. 286). 

3) Regnault: Ann- Chim. et Phys. (2) 62, 208, 1836. 
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suclimigen dariiber vorliegen, so spricht doch eine Angabe von Lange 
uber mas, die einen nacht lichen Saureansteig urn 30^-o des 

xA-bendwertes feststellt, durchans fiir eine solche Annahme, wcnn sie aucli 
einer Erweiteruiig und Bestatigung auf breiterer Grundlage bedarf. 

Hinsichtlich der ubrigen Sauren fan den wir nur nocli eine Bemerkung 
iiber das Auftreten von Weinsaure in Lycopodium complanaiinn. 




\ 


§ 9. Aktiieile Aziditat und Pufferungskapazitat. — Die in Er- 
naangeiung von Literatiirangaben vorgenommenen orientierenden eigen on 
Versuche lassen erkennen, dass die Fame nicht zii den typischeii Saurc- 
pflanzen zu zahlen sind, Dafhr spricht auch das reichliche vorkomnien von 
Amiden in alien untersucliten Organen der Pflanzen (s. S. 377). Wir geben 
im folgenden eine kleine Ubersicht der gemessenen aktuellen Aziditat bei 
einzelnen Farnen wieder; die angegebenen Werte beziehen sich auf den 
Zellsaft der Blatter: Pteridium aquilinum ph 5,66, Nephrolepis cordifolia 
ph 5,55, Ptoycamim spec, ph 5,83, Dry opt eris Filix-nias ph 5,83, Athy- 
rium Filix-femina yih. 6,\4, Polypodium punctaium ph 5,82, Die Werte 
sind mit der Chinhydroneiektrode gemessen. Sie sind moglicher weise 
etwas zu hoch, da die Reaktion des Zeilsafts sich in kurzer Zeit iinter 
Braunfarbung (Oxydation) nach der aikalischen Seite hin verschiebt. 
Man darf vermuten, dass hierbei 
die Oxydation phenolischer Hydro- 
xylgruppen eine Rolle spielt. 

Trotz des geringen Saiiregrads ist die 
Pufferungskapaz it at des 
Zeilsafts ansehnlich. Die folgende 
Kurve (Fig. 1) gibt die [3 'Werte desZeii- 
ssiits von Poly podmm punctaium wiedev: 

Die Kurve lasst erkennen, dass der Blattem von Poly podiuvi 

■ Zellsaft in der Hauptsache nur gegen pimciatum. 

Sauren gepuffert ist. Im Bereich von ph. 5,26 bis 2,76 schwankt der 
/Gramni-Aequivalent Saure x Voiumen zugesetzter Saure\ 

■ ^ \ P^* Verschiebung x Voiumen Puff erlosung jzwLchen 

0,032 und 0,023). Gegen Lauge dagegen ist der Zellsaft nur ganz unbedeu- 
tend gepuffert ; zwischen ph. 5,86 und ph 8,02 liegt der |3 W^ert um 0,009. 

Der Verlauf der Pufferungskurve lasst mit einiger Wahrscheinlichkeit 
schon auf die Natur des Puffergemisches schliessen. Es ist nicht zu be- 
zweifeln, dass den ersten Ansturm der H* das Malatgemisch abdammt. 
Der Verlauf der Kurve zwischen ph 4,5 und 2,7 lasst auf die Anwesenheit 
nicht unerheblicher Oxalatmengen schliessen. 

Die geringe Pufferung nach dem neutralen Gebiet hixi diirfte auf Amide 
und auf ein Bicarbonatsystem zuriickzufuhren sein. Die iAnwesenheit 
betrachtlicher Carbonatmengen konnte analytisch ebenso wie diejenige 
der Amide best atigt werden. 
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8 10 Die Farnsauren. — Diese Sauren verdienen insofern em erhohtes 
InLesse ala sie oHenbat ausscWiesslich in Farnen vorkommen. Das ge- 
“tiarae cWache Metkmal dieser Stoffe ist daa Phloroglncingsrusl, das 
S mehr Oder w.nig.r methyliert bea. mil Buttersanre su Butanonen yer- 
todpft ist. Dor einfakte Korper, von dem sich d.e ilbngen anscb.er abler- 
ten lassen, ist die Filichisdufc . 

C.{CH3)2 

oc/ 

Hcl I'CH 


COH 


Ebenfalls imRhizom von Dryopteris FiUx-mas ia.nd Boehm i) das Aspi- 

Mnd L Methylphloroglucin-Monomethylester-Butanon, dessen von 

angogebene Konstitntionafornrol durch KaRMk >1 bestat.gt wurde. 


HOC> 

CgHy.OC.Cl 


C.CHg 

Y-OCHg 

COH 


Die Substanz ist alkoholloslich und wird durch Eisenchlond grun ge- 
farbt. Schmelzpunkte 156 bis 161°. 

Flavasfinsaure ist 


C.CHg 

/f\. 

oc/ 1 /cOH 

CgH,.OC.cl/“7c— 


HOC 


./ 


C . CO . C.,H, 


-HCa- 


\y 

COH 


/|COH 
iC . CHa 


Durch Einwirkung von Formaldehyd ^utFiUcinsaure lasst sich A^aspt- 
din herstellen, dem man danach die folgende Konstitution zuschreib . 


HOG 

C,H,.OC.C 


G . (CHgla 

//\ 


V 


COH 
C — - 


HOC 


C.lCHa)^ 

./X 


-CH. 


CO 


|COH' V 
!c . CO . CgH, 


Die Substanz ist in Alkohol wenig, in Ather und Benzol leicht loslich. 

X) BoehiT! Arch. exp. Path. ,38. 35, 1896. Liebigs Ann. 302, 171, 1898. 307, 249, 
1899; 318, 230, 253, 1901; 329,. 269, 318, 321, 338, 1904. 

Karrer: C. 1920, III, 378. 
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FeCL farbt die alkoholische Losung rot, Schwefelsaure gelb. Bei Behand- 
lung mit Zinkstaub in alkalischer Losung entstebt Buttersaure und Filicin- 

ss,iir6 

Pharmakologische Bedeutung besitzt nach Kraft i) das Filmaron,^ dem 
im wesentlichen die anthelmintische Wirkung der Farndroge zugeschrieben 
wird (Kraft 1)). Es enthalt 4 Phloroglucinbutanongruppen in diphenyl- 
methanartiger Bindung. 


C3H,.oc.C[; 


Gjf ^C.CO.CjH, 

-_-J CH, 


I /" 


C(CH3)3 

C . CO . CjH, 
/\ 

\c . (CH,,0) 


CH 
C/ " 


. CO . CijH: 


Von der Flavaspidinsaure CajHagOg existieren eine a Form mit dem Fp 
92° und eine ^ Form vom Fp 156°. Beide Substanzen sind alkoholloslich. 

In relativ grosser, jahreszeitlich stark differierender Menge tritt im 
Filixrhizom die Filixsaure auf, die mit Alkohol gekocht Albaspidin abspal- 
tet In der Alkalischmelze entstehen Isobuttersaure und Phloroglucin ; bei 
der Reduktion mit Zinkstaub erhalt man neben Buttersaure und Phloro- 
<jlucin noch Methyl-, Di- und Trimethylphloroglucin sowie Filicmsaure. 
Man schreibt daher der Substanz die folgende Konstitution zu : 


H3C . c . CH. 
/\ 

\COH 

, HOC^ ^ \ 

GgH^.OC.dl^ JJc/ 


P^C.COXaH, 

II CH 2 

1 ^ /CO 


C3H7OC.CI JC— CHg 

■ \/. ■ ■ ■ ■■ 

■... COH 

Die Filixsaure wurdeausserim Wurmfarn auch in Dryopteris^ ngida 
und in AihyyiumFilix-femina gefunden. Sie ist in Alkalien leichUoslich und 

aus dieser Losung fallt die zuvor physiologisch unwirksame Subjanzm 

amorpher und jetzt pharmakologisch wirksamer Form aus. Fp 1 84.5 . 

■) Kraft: Chem. Zentr. II, 400, 1896; 533, 1903; Arch. Pharm. 242, 489. 1904 
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Phloraspin €23^28^8 Chloroform und Keton iosiich, ebenso in 

absolutem Alkoliol. Letztere Losung farbt sich mit FeClg rotbraun. Fp 21 T. 

Alls Dryopteris spimdosa hat Poulsson eine Reihe weiterer ver~ 
wandter Stoffe isoliert. Das von ihm gef undone Polystichin soil aller dings 
nach Hausman mit dem von Boehm aus dem Wurmfarnrhizom extrahier- 
ten Aspidin identisch sein, dem Boehm die folgeiide Konstitution zu- 
schreibt: 

C^{CH3), 

OCj^ "^COH 
C 3 H 7 CO . ci^ J^c — 

Fiir die iibrigen in Farnen gefundenen Stoffe gibt Poulsson die folgen- 
den Formeln an: 

Polystichaibin C22H26O9 

Polystichinin C18H22O6 

Polystichocitrin C15H22O9 
Polystichoflavin C24H30O13 * 

An Stelle der Filixsaure enthalt das Rhizom von Dryopteris athamantP 
m die nahestehende Pannasdure (Kursten Heffter®)). Hinsichtlich 
der pharmakologischen Wirkung gibt Tschirch an, dass Aspidinal voUig 
wirkungslos sei, Filixsaure u. Flavaspidinsaure wirken zwar lahmend, aber 
nicht anthelmintisch. Der Hauptwirkungsstoff ist das Filmaron. Es scheint 
aber, alsob der Wirkungsgrad der Droge ausserdem im erheblichen Mass 
vom Gehalt an atherischen und besonders fetten Olen in einer noch wenig 
durchsichtigen Weise abhangig sei. 

tjber die physiologische Bedeutung dieser Stoffe ist wie liber diejenige 
der Phenolderivate im Ganzen wenig Sicheres bekannt. Sieht man von einer 
oberflachlichen Deutung als Schutzstoffe ab, so mochte man ihnen am 
ehesten eine bedeutsame Rolle bei der biologischen Oxydation beimessen. 
Es ist durchaus wahrscheinlich, dass die Phenoldehydrasen den Wasserstoff 
der phenolischen Hydroxydgruppen der Phloroglucinkomponenten sehr 
leicht beweglich machen. 

Anderseits scheinen die Ketongruppen, wie sie in der Filicin-Flavaspidin- 
und Filixsaure, sowie im Filmaron und Aspidin vorhanden sind, gar wohl 
zur Aufnahme von Wasserstoff geeignet. 

In der Polypodiacee Matteuccia orientalis, deren Rhizom die chinesische 
Droge Kuan-chung liefert, ist von fruheren Autoren schon eine Reihe von 


1 ) Poulsson : Arch. exp. Path. 35, 97, 1894, 41, 246, 1898. 

2) Kursten: Arch. Pharm. 229, 258, 1891. 

Heffter: Arch. exp. Path. 38, 458, 1896. 
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Farnsauren festgestellt worden wie Filmaron, Flavaspidinsaure, Aibaspidin, 
Aspidinol. Diesen Stoffen hat in einer neueren Untersuchung Muxesada^) 
einen in Methylalkoliol kristallisierenden Stoff Matteuccinol vom Fp 167- 
1 70 und der Zusammensetzung C 14 H 14 O 4 hinzngefugt. Yerseifungszahl 201 . 

§ 11. Aetherische Oele. — Obwohl diese weitverbreiteten Stoffe 
sicherlich auch den Pteridophyten nicht felilen, finden sicli in der Literatur ' 
nur gelegentlich sparliche Hinweise auf ihr Auftreten in Rhizomen [Dry- 
opieris Filix-mas) undin Sporen. All diese Angaben tragenindes deutlicli den 
Stempel von Nebenbefunden. Auf die nahe chemische Verwandtschaft der 
Sporopollenine niit Terpenen ist bereits hingewiesen worden. Bei der De- 
stination von Equiseimn pahisire erhielt Baup ein atherisches Ol von aro- 
matischem Geruch. Fp = 58-65°. Harzartige Stoffe : Auf den Unterseiten 
der BlMter der Gatt ungen Pityrogramma, Notolaena, und Cheilanthes 
stehen kopfchenformige Driisenzellen, die kristallini- sche Ausscheidungen 
erzeugen. Diese letzteren besitzen je nach Art weisse oder gelbe Farbe, 
worauf die bei Gartnern gebrauchlicbe Bezeichnung Gold- und 
Silberfarne Bezug nimmt. Wahrend man diese Excrete friiher fur 
Wachse hielt, hat Klotzsch sie den kampherartigen Stoffen beige- 
zahlt (Pseudostearophene). Strasburger schrieb ihnen fettartigen Cha- 
rakter zu, wohingegen Wiesner ihre Nichtzugehorigkeit zu Fetten wahr- 
scheinlich machte. Czapek (I, S. 182) sagt, dass sie auch mit Wachsen 
nichts zu tun liMten. ZoPF hat dann die Stoffe rein gewonnen, indem er 
die Farnblatter fiir nur sehr kurze Zeit in Ather eintauchte. In der atheri- 
schen Ldsung fiel dann beim Einengen ein gelber Stoff, bei Bildung grosser er 
Kristalle ein roter Korper aus, der in kaltem und heissem Wasser, wie auch 
in Benzin unloslich ist, sich aber in Aceton, Alkohol, Ather und Chloroform 
gut lost. Die alkoholische Losung farbt sich mit FeClg braunrot, reagiert 
neutral und zersetzt sich in Gegenwart von Alkali und Ammoniak ziemlich 
rasch unter Entfarbung. Der Gehalt der Blatter an solchem Gymnogram- 
men ist gering : 228 grossere und kleinere Farnblatter ergaben eine Aus- 
beute von 2,06 g. Elementare Zusammensetzung ^18^18^3- 

Bei fraktionierter Ldsung in Petrolather wurde aus deni Rohextrakt ein 
zweiter fast farbloser, wachsartiger Stoff (Fp. 63-64°) von neutraler Reak- 
tionisoliert.Er erwies sich in kaltem Alkohol, Ather und Petrolather schwer 
Idslich, dagegen leicht loslieh in den heissen Fiiissigkeiten. Ob dieser Kor- 
per ebenfalls von den Driisenzelien stammt oder aber aus der Epidermis 
extrahiert wurde, ist nicht entschieden. 

Das silberweisse Sekret von Pityrogramma calomelanos (Fp 1 40-142°) rea- 
giert ebenfalls neutral und lost sich in Alkohol und iither. FeClg farbt Lo- 


0 Munesada: Ber. Ohara Inst, fiir landw. Forschung II, 4, 429, 1924. 
2) Klotzsch; Mon. Ber. d. Bed. Akad. Dezember 1851. 

®) Zopf: Ber. d. Deutsch. Bot. Ges. 24, 264, 1906. 
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sungen des C a 1 o m e 1 a n s rotbraun. Die Elementaranalyse ergab die 
Zasammensetzung CaoHasOg. 

Uber die Bildung harzartiger Stoffe und den Ort ihrer Entstehung wurde 
neuer dings von Weevers die alt ere Theorie Tschirchs (vgL aucli 
Hohlke) wieder aufgenommen, wonach die harzartigen Stoffe ein Produkt 
der Zellmembran darstellen sollen und in einer sog. resinogenen Scliicht, 
die nach Tschirch ein biologisches Membrankolioid im Sinne Hansteen 
Cranners darstelle, entstehen sollen. Nach Weevers ware die Sekretbih 
dung eiiie umgeleitete Ligninsynthese wie die Gummosis eine Art verun- 
gliickte Pektinsynthese darstellte. 

Im Rliizom von Dryopteris Filix-mas werden die harzartigen Stoffe durcli 
Driisen ausgeschieden, welche besonders in der Nilhe der Leitbtindel kranz- 
artig in die Interzellularen hereiimagen. Das Wurmfarnharz ist loslich in 
Ather, Chloroform, Schwefelkohlenstoff, Benzol und in Alkalien. Dass die 
Harzbildung auf Kosten der Starke erfolge, ist mehr eine naheliegende 
Vermutung als eine bewiesene Tatsache. Harzartige Stoffe wurden auch 
aus dem Destillationsriickstand von Equisetum palustre gewonnen. 

§ 12. Gerbstoffe. — Schutze 2) erwahnt in seiner Schilderung tropi- 
scher Fame das Vorkommen von Gerbstoffschlauchen in Stamm und 
Blattstielen, deren Inhalt sichmit Eisenchlorid schwarz farbt.iVls Bestand- 
teil der Droge aus Wurmfarnrhizom wird die F i 1 i x g e r b s a u r e er- 
wahnt, die in Meiigen von 4,5-1 1,7% (Kruse) auftritt. Sie ist ein rotbrau- 
nes,in Wasser wenig loslischesPulver von derZusammensetzungC 4 iH 36 NOi 8 
(nach Reich C8gH76N2038). Mit Kalkwasser erhitzt, spaltet sie Pyrrol 
ab, mit H 2 SO 4 erhitzt, geht sie in Filixrot (CagHigO^g) iiber, das wohl 
mit der T a n n a s p i d s a u r e von Luck identisch ist. Bei der Hydro- 
lyse wird Zucker abgespalten. 

Die P r 0 1 0 f i 1 i x s a u r e, ebenfalls ein Bestandteil des Wurmfarnrhi- 
zoms zerfallt unter hydrolytischer Einwirkung in P r 0 t 0 c a t e c h u- 
s a u r e und P h 1 o r 0 g 1 u c i n. Sie durfte in enger stofflicher Bezie- 
hung zu den Phlorogluciden des Wurmfarns stehen. 

In Equisetam palustre wurden Gerbsauren hochstens in Spur en gef unden. 

§ 13. Alkaloide. — Die Giftigkeit von EquiseMmt pahistre wurde 
frxiher zu Unrecht auf dessen Gehalt an Akonits§ure zuriickgefuhrt. Dem- 
gegenuber hat Lohmann nicht nur die Unschadlichkeit dieser Saure fur 


0 Weevers: Kon. Akad. Wetensch. Amsterdam 37, 181, 1934. 

Vrgl. auch Tschirch u. Stark: Die Harze, S. 33; Francesconi: Riv. ital. delle 
ess, e dei prof. 1829; Lehmann, C. : Planta I, 1926, S. 343. 

“) ScHtiTZE: Zur physiolOgischen Anatomie einiger tropischen Fame besonders 
der Baumfarne. Diss. Berlin 1905. 

Lohmann, J.: Arb. d. Deutschen Landw. Ges. Heft 100, 1904. 
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seine Versuchstiere nachweisen, sondern auch aiis dem Schachtclhalm cin 
Alkaloid Equisetin isolieren konnen, das sich als starkes Herzgift 
erwies (VgLauch Baup). 

Bekannter und besser definiert ist das L y c o p o d i n aiis Lycopodi uni 
complmatum, Hierbei handelt es sich um eine zweisanrige, bitter schmek- 
kende Base vom Siedepiinkt 1 14-1 IS"", die in Atlier ,Alkohol, Wasser, 
Chloroform und Benzol loslich ist. Ihre Zusammensetzung entspricht der 
Forniel C32H52N2O3 (Boedeker ^)). Im tropischen Lycopodium Saurunts 
entdeckte Bardet 2 ) das P i 1 i j a n i n C15H24N2O, das abfuhrend und 
zum Erbrechen reizend wirkt. Fp. 64-65°. Es wird fiir ein Nicotinderivat 
(vielleicht Oxyamylnicotin) gehalten. 

Aus Pteridmm aquilinttm Toda zwei nicht naher beschriebene 
Basen neben reichlichen Mengen von Betain und Cholin isolieren konnen. 
Der letztere Korper, der als wichtigste Lecithinkompomente eine bedeiit- 
same physiologische Rolle spielt, wurde tiberdies auch in Equisetmn Unto- 
sum und Phyllitis Scolopendrium gefunden. ■ 

§ 14. Weitere organische Stoffe in Pteridophyten. — Es soil ver- 
sucht werden in diesem Kapitel die sparlichen Angaben liber organische 
Stoffe in Pteridophyten zu sammeln, die nur selten vorkommen oder liber 
die bei Pteridophyten wenig Sicheres bekannt ist. 

Der aus den Blattern hoherer Pflanzen durch Franzen bekannt gewor- 
dene H e x y 1 e n a 1 d e h y d ist auch in den Blattern von Pteridimn 

aquilinum gefunden WOT den, 

Uber das Auftreten von Fetten und Olen wird ebenfaiis nur sparlich be- 
richtet. Basecke gibt an, dass in alten Rhizomteilen von Davallia hullata 
mit demVerschwinden von vStarke sich vikariierendFett einstellt.TscHiRCH 
gibt flir das Rhizom des Wurmfarns 6% fettes Ol an, das neben Olstoe noch 
Palmitin- u. Cerotinsaure enthalt. Im 01 von Dry opteris spimdosa tieten 

neben der Olsaure noch die Linol- u. Linolensaure auf. 

Braconnet gibt flir Equiseium maximum 0,40 g Fett und Chlorophyll 
pro 500 g Frischgewicht an. Relativ fettreich dagegen sind vielfach die 
Sporen, doch haben wir weder liber die Natur noch liber die Menge der 
Fette nahere Angaben finden konnen. Eine Ausnahme macht nur das hett 
der Sporen von Lycopodium clavatum. Danger enthalten die Spo- 

ren dieses Barlapps 49,34% Fett. 80-86% dieses Fett s sind Glyceride der 


0 Boedeker: Lieb. Ann. 208, 363, 1881. 

2) Vgl. hierzii: Arata und Canzoneri : Gazz. Chim. ital. 22, I, 146, 1892; Adri- 
an: Compt. rend. 102, 1322, 1886. 

Dominguez: Chem. Zentralbl. 1932, I, 3452. 

'*) Toda: Journ. of Bioch. 2,433, 1913. 

I.,anger: Arch. Pharm. (3) 27. 241, 625 (1889). 
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L^^copodiumolsaure, deren Konstitution der folgenden Formel entspricht : 


CH^X 

CH3X 


CH . CH ; C 


/COOH 


Ausserdem enthalt das Fett noch 3,2% Dioxystearinsaure, 1.13% Stea- 
rinsaiire, 0.85% Palmitinsaure und 2,0% Myristinsaure. In den Sporen von 
Lycopodium Selago fand Keegan 47% Fettsaureglyceride und freie Fett- 
sauren. In den Sporen von X. clavatum wurden iiberdies noch gefunden : 
7.8% Glycerin, 3% Zucker, davon 2.1% Saccharose; entgegen den Anga- 
ben von Riegel, Fritsche und Winkler scheint Starke ganzlich zu feh- 
len, das Auftreten von Apfel- und Citronensaure bedarf der Bestatigung. 


§ 15. Die Mineralstoffe der Pteridophyten. — Der MineralstofF 
wechsel und Gehalt der Pteridophyten an Aschenstoffen schiiesst sich, so- 
weit er uberhaupt naher studiert ist, eng an denjenigen der Bliitenpflanzen 
an. Es sollen an dieser Stelle lediglich einige Besonderheiten hervorgehoben 
werden. Auf die hohen K i e s e 1 s a u r e m e n g e n, die in manchen 
Pteridophytenaschen gefunden werden, ist bereits an anderer Stelle hinge- 
wiesen worden. Daneben verdient besondere Erwahnung der hohe A 1 u- 
miniumgehalt der Asche von bestimmten Ly copodium- Kvien, Wie 
die folgende Zusammenstellung ausweist, ist diese Besonderheit jedoch kein 
durchgangiges Familienmerkmal. Vielmehr weehselt der Al-Gehalt bei 
verschiedenen Arten der Familie ausserordentlich stark. 

Fiir Lycopodium oomplanatum gibt Alderholdt einen Toner degehalt 
von 51,85-57,36% an, in Lycopodium clavafum hestimmie Church 15,24% 
AlgOg, wahrend Salms und Alderholdt auf wesentlich hohere Werte, 
namlich 27 bez. 26,5% kamen. In den Sporen derselben Lycopodium- 
art wies Danger einen -AlgOg-Gehalt von 15.3% nach. Einen exorbitant 
hohen Aluminiumwert fand Councler bei Lycopodium chamaecyparissus 
mit 39,07%. Des weiteren wurde der Aluminiumgehalt noch in den folgen- 
den Pteridophyten bestimmt: Lycopodium alpinum 33,5% (Church), L. 
cernuum 1 0,09% , L, Selago 7,29%, X. annotinum 1 8, 1 %>, Salvinia natans 
Psilotum triquetrum xiii^ MarsiUa S'^mQXi: 

Auf f allend gering ist der Al-Gehalt bei epiphytischen Lycopodien wie z.B. 
Lyc. Phlegmaria, 6 . 2 .S nur 0,45% AlgOg in der Asche aufweist, wahrend Xyc. 
gar kein Alumimuni enthalt. 

liber die physiologische Bedeutung des Aluminiams in diesen Pflanzen 
und iiber die Abhangigkeit seines Vorkommens von der Bodenunterlage 
scheinen keine naheren Angaben vorzuliegen. 

Von den Filicinae schien nach einer Untersuchung Dangers unter den 


A) Rathje: Arch. Pharm. 246, 692, (1908). 

Keegan: Botan. Zentr. 96, 675, (1904). 

Ygl. auch Tschirch: Plandb. d. Pharmak. 

®) Vgl. Tschirch: Handbuch der Pharmakognosie und Czapek II, 371. 
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gepriiften Farnen nur eine neuseelandische Cyatlieacee einen besoiiders 
holieii Aiuminiumgeha.lt (19,65%) aufzuweisen. 

Gesamtaschenanalysen liegen von den folgenden Formen vor : 



0 

9,. 

cj 

^ . 

GaO 

MgO 

d. 

tii 

0^ ■ ' 

d 

■ 'm ■ 

d 

Lycopodium annotinum . 
Ophioglossum . ... . 

37,29 

64,10 

1 1,49 
3,53 

8,54 

14,65 

6,35 

4,60 

4,00 

0,47 

. 1 

1,35 6,52 
0,19 1 3,44 

12.56 
i '5,44 

3,52 

3,58 


Gegeniiber der chemischen Beschaffenheit des Untergrundes verhalten 
sich die einzelnen Arten, selbst aus einer Gattung sehr verschieden; im all- 
gemeinen aber herrscht doch eine ziemlich weitgehende Indifferenz gegen- 
iiber der chemischen Bodenbeschaffenheit vor. Ganz fehlt es indessen auch 
nicht an Bodenspezialisten. Da eine zusammenfassende Darstellung nach 
dieser Richtung hin fehlt, konnenhier nur einige wenige, besonders auffallige 
Formen herausgegriffen werden, und das nur mit Bezugnahme auf die An- 
forderungen der Pflanzen an die Bodenreaktion. Diese Frage ist in 
der ^Iteren Literatur noch unter dem Stichwort K a 1 k- und K i e s e 1- 
isaurepflanzen ohne nahere Angaben tiber die Grenzen der den 
Pflanzen ertraglichen H-Konzentrationen behandelt worden. Ein Beispiel 
fur die Uneinheitlichkeit der Reaktionsanpriiche der Pflanzen inner halb 
der engstensystematischen Einheiten mag die Gattung Dryopteris sein. Es 
ist bekannt, dass Z)ryo/)^ms nur auf Kal k gedeiht, wahrend D. 

eine ausgesprochene M o o r p f 1 a n z e ist und das verwandte 
Polystichum lonchitis auf a 1 1 e n B 6 d e n fortkommt.. Ahnliche Differ- 
enzen sind auch innerhalb der Gattung Asplenium bekannt geworden : A. 
viride wachst auf a 1 1 e n Bod e n, A, adulterimim undi :A,. AdianUim- 
nigntm sind spezifische S e r p e n t i n f o r m e n, A . septentrionale 
f 1 i e h t den Kalk, A\ fontanum s u c h t ihn. U r g e s t e i n s f o r m e n 
sind u. a. weiterhin crispus, Nofholaena MarantaCj wahrend Phyl- 

litis Scolopendnum und Blechnum Spicant k a 1 k l i e b e n d e F'arne sind. 
Pteridium aquiUmm wild im allgemeinen als verlasslicher Saurebodenan- 
zeiger bewertet, De Litardiere beschreibt indessen einen Standort des 
Adlerfarns mit einem ph von 8,33. Yon Cystopteris fragilis gibt Mussach 
an, dass die Sporenkeimung optimal bei einem ph von 6-6,8 verlauft. 
Nahere Angaben liber amerikanische Fame und deren Abhangigkeit von 
der Bodenreaktibn macht Steagall. Craw beschreibt die Bodenreak- 
tionen der naturlichen Farnassoziationen von Indiana. 

Die Lycopddnme scheinen im allgemeinen saure Standorte zu bevorzu- 
gen, wahrend Equisetum arvense und E, maximum schweren lehmreichen 


h De Litardi£:re: Bull. Soc. Bot. France 80, 230-233. 

Mussach: Belli, botan, Zentralbl. 51, 204-254, 1933. 

3) Craw: Butler University. Botan. Studies, 2, 151-158, 1932. 
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Boden aufsiiclien. Im ganzen ist also die Zahl der Leitpflaiizen unter den 
Fanien nach unseren lieutigen Kenntnissen nicht sehr gross. Es erscheint 
indessen wahrscheinlich, dass ihre Zahl dnrch weitere exakte Untersuchun- 
gen doch nocli erheblich vermehrt werden konnte. Dass es unter den Pteri- 
doph 3 den nicht an Mineralstoffspezialisten fehlt, das erweisen die Alumi- 
nium- iind Kieselsaurepflanzen, wie auch die Tatsache, dass der K a l i- 
re i c h t u m von Ptendnm aqiiilinum frllher sogar technisch ausge- 
wertet wurde. 

§ 16. Die Assimilation. — tiber die Assimilation von Farnen in 
Abhangigkeit von Standort und Entwicklung sind wir durch die schone 
Arbeit Nils Johanssons^) eingehender unterrichtet worden. Unter Ver- 
wendung der UuNDEGx^RDHschen Methoden der Assimilationsmessung und 
in Anlehnung an seine theoretischen Darlegungen hat Johansson die 
Standortsbedingungen der untersuchten Fame einer eingeheiiden quanti- 
tativen Priifung unterzogen und die Reaktionsweise seiner Versuchspflan- 
zen gegenliber den okologischen Faktoren ermittelt. Aiif diese Weise erhal- 
ten wir nicht nur Einblick in den tatsachlichen Verlauf und die Grosse der 
Assimilation bestimmter Fame, vielmehr wird auch die Bedeutung der ein- 
zelnen okologischen Faktoren fiir das Ausmass der Kohiehydratbildung 
abschS^tzbar. 

Bereits altere Untersuchungen liessen Johansson ver mu ten, dass die 
Schliesszellenbewegungen Verlauf und Grosse der Assimilation am natiir- 
lichen Standort massgeblich beeinflussen. Daher warden die Anteile der 
Einwirkung der Aussenfaktoren auf die Grosse der Spalt5ffnungsfldche ge- 
trennt zu bestimmen versucht. 

Schon hinsichtlich der Lichtwirkung ergaben sich interessante Differen- 
zen bei Farnen schattiger und sonniger Standort e. Als Versuchsobj ekt der er- 
st eren okologischen Gruppe stand die s.g. Dryopteris mistriaca zur Verfugung. 
Hier bewirkte unter sonst giinstigen x\ussenbedingungen bereits eine Licht- 
intensitat von 1 % der naturlichen maximalen Sonnenbestrahlung Offnung 
der Stomata, so dass man annehmen darf , dass unter naturlichen Bedingiin- 
gen das Liciit nur eine geringe Rolle fiir die Offnung der Spalten spielt. 
Tatsachlich erfolgte nur an ganz regnerischen Tagen bereits in den fruhen 
Nachmittagsstunden ein Dunkelschluss der Stomata. Vie! bedeutender 
scheint die Luftfeuchtigkeit fiir den Offnungszustand der Spalten zu sein: 
bereits eine solche von 75% wirkte sich als Offnungsdepression aus. Infolge 
der dadurch bedingten Herabsetzung der Luftfeuchtigkeit machte sich ge- 
wohnlichauch bei Erhohung der Temperatur iiber 1 5° eine deutliche Schlies- 
sungstendenz bemerkbar, im Zusammenhang mit einer sich rasch ver- 
schlechternden Wasserbilanz. Die Schattenpflanze ist also insofern an 
ihren Standort angepasst, als ihre Schliesszellen empfindlich nur auf d i e 
Faktoren reagieren, deren relative Konstanz durch den Standort selbst 

'^) Johansson N.: Svensk. Bot. Tidskr. 1923 and 1926. 
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weitgeliend gesichert erscheint. Ganz anders verhalt sich Dry opteris spinu- 
losa als Vertreter des S o n n e n p f 1 a n z e n t y p s. Wohl spielen auch 
hier die Lichtverhaltnisse am natiirlichen Standort keine Rolle fur das 
Zustandekommen der Spaltenoffnung, aber auch gegeniiber den iibrigen 
Aussenfaktoren erweist sich der Spaltoffnungszustand dieser Pfianze be- 
deutend unabliangiger. Zwar setzt auch hier eine uiigmistig werdende ^^''as- 
serbilanz die Offnungsweite herab, aber die Drosselung ist eine erheblich 
geringere als beim Schattenfarn, Die Folge hiervon ist, dass beim Sonnen- 
f arn Offiiungsgrad und Offnungszeit der Spalten grosser sind als bei den 
Schattenformen. Im Hinblick auf die Loftfieldsche Typisierung raiissen 
die Fame dem Luzernet 3 ^p zugeordnet werden: unter glinstigen Bediii- 
gungen sind die Spalten tagsiiber geoffnet, nachts geschlossen. Bei sich 
verschlechternder Wasserbilanz konnen die Spalten tagsiiber zeitweise 
Oder im Extremfall ganz geschlossen werden; dann erfolgt eine kompensa- 
torische nachtliche Offnung der Stomata. 

Bei den engen Beziehungen zwischen Sattigungsdefizit, Teniperaturund 
Wasserbilanz der Pflanzen konnte nach den oben dargelegten Ermittlun- 
gen auch ein erheblicher Einfluss der Temperatur auf die Offnungsweite 
der Spalten vermutet werden, was in der Tat durch den Versuch bestatigt 
wiirde: Erhohung der Temperatur wirkte sich spaltenschliessend aus. 

In gleichlaufenden Versuchen wmrde nun der Einfluss der Wasser- 
bilanz auf die COg- Assimilation ermittelt. Dabei konnte eine voliige 
Konkordanz zwischen Spalt offnungsweite und Assimilationseffekt festge- 
stellt werden, so dass Johansson zu dem Schluss kommt, d a s s u n ter 
natiirlichen V e r h a 1 1 n i s s e n die Spaltoffniings- 
flache in e r s t e r L i n i e d i e G r 5 s s e der Assimila- 
tion bestimmt. Die Wirkung der Aussenfaktoren auf die Assimi- 
lation ist daher stets eine indirekte, die 
liber eine primare Einwirkung auf den 
Offnungsgrad der Spalten lauft. Daher 
erweist sich der Lichteinfluss auf die 
Assimilation auch nicht als konstant, 

IX 

sondern in deutlich erkennbarer iVbhan- 
gigkeit von andern die Schliesszelienbe- 
wegung regulierenden Faktoren. 

Lichtintensitat und Assi- 

■ “j'” 

m i 1 a t i 0 n b e i F a r n e n: j 

Auch bei den Farnen treten hinsicht- 
lich der Lichtwirkung auf die Assimila- 2 . — Dryoptens austnaca. Ab- 
tion die beiden Typen der Sonnen- und Mngigkeit der Assiniilation von 
Schattenpflanzen auf . derLichtintensitat.(n. Johansson). 

1 . Typus der Schattenpflanze : Dryoptens austriaca : 

Fig. 2 gibt eine anschauliche Vorstellung von der Lichtwirkung in Ab- 
hangigkeit anderer Faktoren: Die Kurven I and II sind an triiben Tagen 
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mit holier Luftfeuchtigkeit aufgenommen worden : mit zunehmender Licht- 
intensitat steigt die Assimilation zunachst an, bis zwischen 25 und 30% der 
natiirlichen Strahlungsintensitat ein Maximum in der Assimilation erreicht 
wird. Von weiterer Steigerung der Lichtintensitat bleibt die Assimilation 
unberiihrt, die Kurven laufen der Abscissenachse parallel weiter. Stehen 
die Offnungsbewegungen der Schliesszellen jedoch bereits unter einer Licht- 
depressiom wie das an hellen Tagen (Kurve III und IV) oder am Nachmit- 
tag der Fall ist (Kurven V und VI), so verschiebt sich einerseits das Assimi- 
lationsoptimum in die Bezirke geringerer Lichtintensitat, und anderseits 
fallt die Assimilation bei Erhohung der Beleuchtung ziemlich rasch ab. 

2. Sonnenpflanzen : Pteridium aquilinum xvnA. Dryopteris spinulosa.'. 

Fig. 3 gibt die Beziehungen zwischen Lichtintensitat und Assimilation 
bei Pteridium aquilinum wieder ; 

Gegenuber dem Schattentypus fallt zunachst das hohere Licht optimum 



hangig keit der Assimilation von der 
Lichtintensitat. (n. Johansson). 



Pjg_ 4 ; _ Dryopteris austriaca, Ab- 
hangigkeit der Assimilation von der 
Temp, bei 0,03% CO 2 und 20-35% 
Licht. (n. Johansson). 


auf, das in Abhangigkeit vom Sattigungsdefizit der Luft zwischen 30 und 
100% der natiirlichen Strahlungsintensitat zu liegen kommt. Selbst an vol- 
lig klaren Tagen mit relativ geringem Luftfeuchtigkeitsgehalt steigt die As- 
similationskurve gelegentlich noch bis zur sehr hohenLichtintensitaten an , 
niemals erfolgt ein starker Assimilationsabfall mit Erhohung der Lichtin- 
tensitat, wie er fiir die Schattenfarne charakteristisch ist. 

Die Konkordanz mit den Beziehungen zu Spaltoffnungsbewegung in Ab- 
hangigkeit von der Belichtung bei den beiden okologischen Typen tritt hier 
sehr klar in Erscheinung. Licht- und Schattenfarne sind assimilationsmas- 
sig an die Licht- und Feuchtigkeitsverhaltnisse ihrer Standorte angepasst 
durcheine reguli erte Re aktionsweise ihrer Schliess- 
zellen. Wo durch Uberdosierung der Lichtintensitat eine Assimilations- 
hemmung eintritt, sind in erster Linie Schhesszellenbewegungen verant- 
worthch zu machen, gegen die sog. plasmatische Faktoren, wie Enzym- 


KARL WETZEL, CHEMIE UND STOFFWECHSEL 


367 


zersetzung, Inaktivierung der Chloroplasten, Starke- und Ziickeranhaiifung 
in den Plastiden an Einfluss stark zurucktreten. 
s s i m i 1 a t i o 11 n n d T e m p e r a t u r : 

Auch in der Temperaturwirkung auf die Assimilation untersclieiden sich 
Sonnen- mid Schattenfarne recht betracMlich. Bei den Schat ten- 
p f 1 a n z e n liegt das Temperaturoptimnm der Assimilation erstaiinlich 
niedrig. (Vgi. Fig, 4). 

Unter natiirliclien Bedingungen (Lichtintensitat 20-35%, C02-Gehalt 
0,03%) wurde die liochste Assimilationsleistung in einiger Abhaiigigkeit 
von andern niclit naher definierten Aussenfaktoren unterhalb IS'^Cgemes- 
sen. Bei weiterem Temperatnranstieg failt dann die Assimilation rasch ab. 
Besonders steil ist der Abfall der Kurven von etwa 26^^ ab, wo dann Assimi- 
lation und Atmung sicli vielfacb nur eben noch das Gleichgewicht lialten. 
Der Kompensationspunkt liegt indessen nicht test, sondern liangt wesent- 
iich von der Offnungsflache der Spalten und damit von der absoluten H5he 
der Assimilationskurven ab, derart, dass der Kompensationspunkt um so 
niedriger liegt, je geringer das absolute Ausmass der Assimilation ist. Zwei- 
fellos aber ist die Temperaturwirkung auf die Assimilation kein einheitli- 
cher Vorgang. Wie bereits angedeutet, hat Johansson die d^tmung der 
Pflanze mit in die Assimilationsbestimmung eingeschlossen, so dass bereits 
eine verschiedene Temper at urempfindlichkeitdieser beiden physiologi- 
schen Vorgange zu komplizierten okologischen Assimilationskurven fiihren 
kdnnte. Dass die Temper at ur die rein chemischen Assimilationsprozesse 
weit liber 10° hinaus beschleunigt, wind ohne weiteres ersichtlicli, wenn die 
Schliesszellenbewegung durch erhohte Kohlensauretension der Atmosphare 
kompensiert wird. Die Fig. 5 gibt das 
Ergebnis eines solchen Versuchs win- 
der: tatsachlich steigt bier die Assi- 
milation mit der Temperatur bis etwa 
38° in linear er Abhangigkeit von der 
Temperatur. Der Temperaturquo- 
tient liegt bei etwa 1,5, 

Sonnenfarne: Pteridium aquili- 
num : Hier liegt der Temperaturoptimal- 
punkt etwas hoher (15°) unter natiir- 
lichen Bedingungen. Die Assimilation 
ist absolut gemessen wesentlich hoher, 
und daher liegt auch der Kompensa- Temperatur bei hohem CO,, -Gehalt 
tionspunkt selbst unter ungunstigen u- schwachem Licht. (n. J ohansson) . 

Verhaltnissen noch iiber 30°. Sogar an 

sehr heissen Tagen geben daher die Sonnenfarne noch einen Assimilations- 
liberschuss, wenn auch das Ausmass desselben bei niederer Temperatur 
steigt. 

Dass diese Verschiedenheit der Reaktionsweise der Sonnen- und Schat- 
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tenfarne auf Temperatureinfliisse massgeblich von der Schliesszellenbewe- 
gung bestimmt ist, konnte Johansson mit vergleichenden Versuchen iiber 
den Einfluss der Aussenfaktoren auf Schliesszellenbewegung und Assimila- 
tionshohe wahrscheinlich machen: Unter giinstiger Wasserokonomie (vor- 
mittags) steigt die Assimilation mit der Temperatur bis auf etwa 32° an. 
Der Temperaturquotient ist dabei etwa 2. Unter diesen Verhaltnissen trat 
auch keine Verengerung der Spalten ein, im Gegensatz zu nachmittaglich 
angesetzten Versuchen, in denen Spaltenweite und Assimilation symbath 
gehend, sich mit Temperatursteigerung verringerten. Interessant erscheint 
noch der Vergleich der Temperatur optima der Fame und derjenigen ande- 
rer Pflanzen in Bezug auf die Assimilation. Fiir Kartoffel und Tomate gibt 
LundegArdh ein Optimum von 20°, fiir die Zuckerriibe ein breites Opti- 
mal-Gebiet zwischen 20 und 30° an. Nur Fruhlingsbliiher, wie Anemone 



Fig. 6. Pteridium aquilinum. Ab- 
liangigkeitder Assimilation vomCOa- 
Gehalt der Luft bei drei verschiede- 
nen Lichtintensitaten. 

(n. Johansson). 


Fig. 7. — Dryopteris austriaca. 
Abhangigkeit der Assimilation 
vom COs'Gehalt der Luft bei 
drei verschiedenen Lichtintensi- 
taten. (n. Johansson). 


nemofosa weisen ein ahnlich tiefes Temperatnroptimum der Assimilation 
wie die Fame auf. 

Der Assimilationsquotient wurde in alien untersuchten Fallen gleich 1 
gefunden, so dass man annehmen kann, dass der Gaswechsel tatsachlich 
das Ausmass der stattgeliabten Assimilation richtig widerspiegelt. 

Der E i n f 1 u s s d e r COg-K 0 n z e n t r a t i o n auf die Assi- 
milation. 

Tschesnokov und Bazyrina haben in einer kurzen Betrachtung dar- 

1) Tschesnokov u. Bazyrina: Planta 1930, S. 473. 



auf liingewiesen, dass das BLACKMANsche Faktorengesetz ebeiiso wenig 
strenge Giiltigkeit fur sich in Anspruch nehmen kanii, wie die Lunde- 
GlRDHSclie Formulierung der Spannung des Licht- und Kolilensaurefak- 
tors, da alle ausseren Faktoren die CO 2 - Assimilation niir indirekt beeinflus- 
sen, wahrend die direkten Faktoren quantitativ nicht zii fassen sind. Hin- 
siclitlich der COg-Einwirkimg auf die Zuckerbildung miisste die Konzeii- 
tration an den Reaktionsoberfiachen bekannt sein, uni gesetzmassige Be- 


zieliungen zwischen C 02 -Tension und Photosynthese ermittein zii konnen, 
ganz ungeachtet der Beeinflussung anderer physiologischer Prozesse durch 
die Kohlensaure. Trotz dieser gewichtigen Vorbebalte ergeben die Jo- 
HANSSONschen Versuche doch recht benierkenswerte Ergebnisse. Selir klar 
zum Ausdruck konimt die Abhangigkeit der COa-Einwirkung von der Liclit- 
intensitat, und zwar in doppelter Weise: einerseits als eiii die Spaltenweite 
regulierender Faktor und anderseits als Energiequelle des endothermen 
photosynthetischen Vorgangs. In alien Fallen ist eine Steigerung der Assi- 
milation bei Erhohung des CO^-Gehalts der Atmosphare zu bemerken. Bei 
Sonnenfarnen (Vgl. Fig. 6) geht die durch vermehrte C02-Darbietung indu- 
zierte Assimilationssteigerung der applizierten Lichtintensitat durchaus 
iiber den ganzen Licht bereich bis zur vollen Sonnenstrahlung s^mibath. Bei 
den Schattenfarnen (Vgl. Fig. 7) hingegen vermindert sich die ilssiniila' 
tionssteigerung oberhalb der fur die Spaltenoffnung kritischen Lichtinten- 
sitat von etwa 30% wieder. Okologische Bedeutung scheinen diese Zusam- 
menhange vor allem fur Schattenfarne zu besitzen, an deren Standort 
erhohte COg-Konzentration in Luft und Bodenwasser gegeniiber derjenigen 
eines sonnigen Standorts nachweisbar waren. 

Will man die maximale x\ssimiiationsleistung der Fame verschiedener 
okologischerTypen vergieichen, so kommt man zu recht verschiedenen 
Werten je nach der angewandten Bezugsgr5sse; sehr klare Verhaltnisse 
ergeben sich, wenn mkn auf das Frischgewicht der Pflanzen bezieht, wah- 
rend pro Einheit der Blattflache sich wenig diskutierbare Resultate ablei- 
ten lassen. Vom okonomischen Standpunkt aus interessierte vor allem die 
Bezugnahme der Assimilationsleistung auf die Einheit des Trockenge- 
wichts, weil sie eine Art Rentabilitatsquote des investierten biologischen 
Kapitals darstellt. Leider liegen derartige Angaben nicht vor, immerhin 
ergeben sich einige Zusammenhange auch aus der von Johansson gegebe- 
nen Assimilationsbezugnahme auf das Frischgewicht. 

Pro Ig Frischgewicht werden von den untersuchten Farnen pro Stunde 
die folgenden Mengen CO 2 (in mg) assimiliert : 


Dryopteris austriaca .... . . . . . 2,44 mg 

Polypodium vulgare . . • . • . . . . 2,24 ,, 

Pteridium aquilinum , .... .1 . . 3,94 ,, 

Dryopteris spimilosa . . . . . , . . . 4,72 ,, 


Wenn auch bei den Schattenfarnen (I und 2) das relative Trockengewicht 
niedriger als bei den Sonnenfarnen (3 u. 4) ist, so scheinen doch die Sonnen- 
Manual of Pteridology 24 
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fame zur starkerer Produktion organischer Substanz befahigt als die Schat- 
tenpflanzen, sofern eine Einzelbeobachtung eben liberhaupt generelle 
vSchliisse zulasst. 

Fasst man das gesamte Tatsachenmaterial iiber die Zusammenhange 
zwischen Assimilationsleistnng und Aussenfaktoren des Standorts zusam- 
men, so kann man sagen, dass so wo hi S o n n e n- w i e S c hat- 
ten f a r n e b e m e r k e n s w e r t e Z ii g e d e r A n p a s s u n g a n 
ihren Standort tragen. 

Chlorophyilbildung im Verlauf der Blattent- 
w i c k 1 u n g. 

Finer der wichtigsten inneren Faktoren der Assimilation ist der Chloro- 
phyllgehalt der Blatter. Auch hinsichtlich der Entstehung des griinen 
Farbstoffs, im Verlauf der pflanzlichen Entwickiung zeigen die einzelnen 
Fame recht abweichende Bilder: 

Dryopteris austriaca verfiigt schon in den noch eingerollten Slattern iiber 
einen ansehnlichen Chlorophyllgehalt, der sich im Verlauf der Biattent- 
wicklung weiter bis auf den dreifachen Wert des anfanglichen Gehalts stei- 
gert. Auch die okologische Antipode, die Sonnenform Dryopteris spinulosa 
weist bereits in den eingerollten Blattern hohen Chlorophyllgehalt auf. Im 
Gegensatz zur Schattenpflanze vermindert sich derselbe jedoch mit der 
sich voilziehenden Aufrollung der Blatter ungemein rasch, so dass er inner- 
halb eines Monats auf die Halfte des Anfangswerts reduziert ist. Dabei far- 
ben sich die Blatter rasch gelb; ob diese Verfarbung nur eine Folge des 
Chlorophyllruckgangs oder zugleich auch einer Neubildung von gelben 
Farbstoffen ist, wurde leider nicht ermittelt. Der Verlauf der Chlorophyll- 
kurve lasst vermuten, dass urspriinglich eine Schat- 

tenpflanze war, die erst sekundar auf Grund weitgehender Anpassung son- 
nige Standort e zu erobern vermochte. 

Pteridium aquilinum zticlmti sich durch einen besonders niederen Chloro- 
phyllgehalt seiner j ungen Blatter aus, der sich hides wahrend der Vegeta- 
tionsperiode bis auf den neunfachen Betrag des Anfangsgehalts steigert. 

Die Entwickiung der p h o t o s y n t h e t i s c h e n Akti- 
V i t a t d e r B1 a 1 1 er. 

Eingeroilte Blatter you Poly podium, deren Chlorophyllgehalt bei etwa 4 
mg pro 1 g Frischgewicht lag, wurden ohne erkennbare assimilatorische 
Tatigkeit befunden. Erst im Verlauf der Streckung und Aufrollung der 
Bla,tter wurde bei 25% Lichtgenuss der Kompensationspunkt erreicht . 
Eine bemerkenswerte aktiye Assimilationsbilanz ist indes ei’st im vollig 
aufgerollten Blatt zu konstatieren. Dann allerdings warten diese Blatter 
sell! bald mit der vollen Assimilationsleistung auf. 

Bekanntlich unterscheidet man nach dieser Richtung hin zwei Typen 
von Pflanzen : 

1. den Hafer- oder Gerstentypus, der seine voile assimi- 
latorische Potenz erst in einem langeren Entwicklungs verlauf erreicht, was 
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man niit der Bildung eines Assimilationsenzyms in Zusammenharig brachte 
(Irving)^). 

2. den H e 1 i a n t h u s t y p, dessen Kotyledonen sofort die voile 
assimilatorische Fahigkeit entfalten, da in den Reserveorganen angeblich 
(Briggs) das x\ssimilationsenzym bereits in hinreichender Menge prafor- 
miert sein soli. 

Von den Farnen neigt Pteris dem Helianthustyp, Poly podium mehr dem 
Hafertypus zu. 

§ 11, Tagesperiodische Schwankung der Atmung von Farn- 
blattern. — Zwischen einem vor-und nachmittaglichen AtmungsmaxF 
mum liegt eine zeitlich mehr oder weniger ausgedehnte Atmungsdepression 
um die Tagesmitte. Dabei handelt es 
sich offenbar nicht um eineautonome 
Periodizitat wie sie Deleano^) und 
Bennet-Clark^) anBlattern hoherer 
Pflanzen festgestellt haben, sondern 
um eine durch Aussenfaktoren indu- 
zierte Rhythmik. Unter diesenscheint 
die Wassersattigung der Pflanze die 
wiclitigste Roiie zu spielen, derenTa- 
ges-Kurve in ihrem Verlauf eine auF 
f allende i^hnlichkeit mit der Atmungs- 
kurvebesitzt. (Vgl. Krassnoselski- 
Maximov ^)). Dementsprechend sind 
mittagliches Wasserdefizit und At- 
mungsdepression bei den Sonnenty- 
pen der F arne am gr osst en . (V gi . Fig . 8) . 

Leider besitzen wir iiber den Zusammenhang zwischen Atmungsintensitat 
und Wassergehalt nur statistische Angaben ohne Kausalanalyse (Iljin 
Aus den Untersuchungen Horns und Tollenaers ®) ist zwar bekannt 
geworden, dass der Saccharosegehalt der Blatter mit abnehmendem Was- 
sergehalt ansteigt, aber wir konnen in einer Zuckerkonzentrationserhohung 
in dem vorliegenden Ausmass keine Ursache einer xWmungsdampfung 


Irving: Ann. of Bot. 24, 805. 

“) Briggs: Roy. Soc. Proc. Ser. B. Bd. 91, 249, 94, 12. 

=*) Deleano : Zs. fiir Bot. 1911,3, 657. 

•^) Bennet-Clark : Notes Brt. Trinity Coll. Dublin 1932, 4, 233. 

“) Krassnoselski-Maximov : Ber. Deutsch. Bot. Ges. 43, 527. 

«) Iljin: Flora 16, 379. 

") Horn: Bot. Archiv 3, 137. 

•*) Tollenaer; Omzettingen van koolhydraten in het blad van Nicotiana taba- 
cum L. Dissertation Wageningen 1925. 



Fig. 8. ■ — Tagesperiodisclie Schwan- 
kungen der Atmung der Blatter von 
Sonnen-u. Schattenfarnen. 

(n. Johansson). 
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selien (Vgl. auch Davis und Sawyer i)) und Miller^). Nachdem Kidd 
iind West entwicklungsperiodischeSchwankungen der Plasmapermeabi- 
litat fiir Rohrzucker wahrscheinlich machen konnten, waren in diesem 
Zusammenhang Untersnchungen uber die tagesperiodischen Scliwankun- 
gen von hohem Interesse, denn nach den neueren Erfahrungen iiber die 
Lokalisation des desmolytischen Zuckerabbaus (Wertheimer ^)) konnen 
Permeabilitatsfragen fiir die Geschwindigkeit der Atmungs- und Garungs- 
prozesse von bestimmender Wichtigkeit sein. 

Dass aucli die mit dem Wasserverlust gekoppelte Erschwening des Gas- 
austaiisches nicht ohne Einfluss auf die Atmung bleibt, darf nach niancher- 
lei Beobachtungen an hoheren Pfianzen und an Moosen (Mayer und Plan- 
tefol ^)) kaum bezweifelt werden. Die starke Anreicherung der Inter- 
zellularluft an COg erschwert die Oxydation des Zuckers offenbar durch 
Blockierung der aktiven Oberflachen der Oxydationskatalysatoren, so dass 
der Atmungsquotient betrachtlich ansteigt, als Ausdruck der einsetzenden 
Garung. Eine umfassende Analyse dieser Zusammenhange erscliiene nicht 
nur bei Farnen, sondern allgemein erwiinscht. 






§ 18 . Die Abhangigkeit der Atmung der Fame von der Tempe- 
ratur. : — Die rein chemische Komponente der Atmung spricht natur- 
gemass in der iiblichen Weise auf Temperaturschwankungen an ; die phy- 

siologische Komponente gibt der Tem- 
peratur-Atmungskurve den Charak- 
ter einer Optimumkurve. Das Tem- 
peratur optimum liegt bei etwa 50° und 
ist sehr scharf ausgepragt. Hinsicht- 
lich der Temper at ur quotient en ergibt 
sich ein bemerkenswerter Unterschied 
zwischen Sonnen- und Schattenfar- 
nen. Bei den erst eren liegt die Atmung 
bei niederen Temperaturen (10°) rela- 
tiv tief, um mit steigenden Tempe- 
raturen rasch anzuwachsen. Der Q^q- 
Wert zwischen 10 und 20° liegt bei 
etwa 2 und fallt nur auf etwa 1,8 
zwischen 40 und 50°. Im Gegensatz 
hierzu zeigen Schattenfarne bei niede- 
ren Temperaturen relativ hohe Atmungsintensitat, Die Q^Q-Werte liegen 
bis 25° bei 1,1 bis 1 ,2, steigen zwischen 25 und 35° auf 1 ,5 und erlangen erst 



io’ ji" Tcm/t. 

Fig. 9. — Temperatur-Abhaugig- 
keit der Atmung von Farnblattern. 

(n. Johansson). 


1) Davis and Sawyer: J. AgriG. Science 6, 406, 1914; 7, 352, 1916. 

2) Miller : Ebenda 27, 785, 1924. 

q Kidd und West: Proc. Roy. Soc. London 1930, 106, S. 93. 

0 AVertheimer : Protsplasma 21, 522, 1934. 

0 Mayer u. Plantefol : Compt. Rend. Acad. Sc. Paris, 1925 S. 181. 
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ini Temper at urbereich zwischen 40 und den Noriiialwert. 2. Die At- 
muiig der Sonnenfarne ist also wesentlich temperatnrabiiangiger als dic- 
jenige der Schattenfarne. (Vgl. Fig. 9). Im Bereich zwischen iO und 47^ 
steigt die Atmmig von Ptendium aquilinum um den 1 1 faclien, diejenige 
YonDryopteris austriaca dagegen nur um den 4 fachen Betrag. Die Sciiatten- 
fariie besitzen also ein physiologisches System, um die Temperaturwirkung 
auf den cliemischen Prozess der Atmung abzubremsen, das indes nur bei 
niederen und mittleren Temperaturen zur Auswirkung kommt, d.h. in dem 
normalen Temper aturbereich ihres Standorts. Da die Atmimgsversuche 
mit voll turgeszenten Blattern ausgeftihrt wurden, kann der Grad der Was- 
sersattigung der Pflanzen keinen Einfluss auf die gemessene x4tmiings» 
intensitat genommen haben. 

Als weiterer Faktor, der die Atmungsintensitat der Blatter wesentlich 
beeinflusst, wurde das Blattalter ermittelt. 

§ 19. Abhangigkeit der Atmungsintensitat vom Biattalter. — 
Unter Bezugnahme auf gleiche Blattflachen und auf die Gewichtseinheit 
produzieren junge Blatter in gleicher Zeit grossere COg-Mengen als alte 
Organe. Die hochste Atmungsintensitat wurde an Blattern gemessen, die 
noch vollig schneckenformig eingerollt waren. Mit der Streckung und Auf- 
rollung der Blatter ging die Atmungsintensitat rasch zurlick. Der Gradient 
ist allerdings nicht unabhangig von ausseren und inneren Faktoren : so wird 
die Atmungsintensitat junger Blatter durch die Temperatur erheblich 
starker beeinflusst als bei alten. Zweifeilos spielt bei diesen Anderungen der 
Atmungsintensitat der Wassergehalt der Blatter wahrend der Entwicklung 
eine bedeutsame Rolle. 

Bqi Ptendium aquilinum sinkt der Wassergehalt mit fortschreitender 
Entwicklung und symbath mit ihm auch die Atmung, bei Dryopteris 
dagegen bleibt die Atmungsintensitat wie auch der Wasserge- 
halt im Verlauf der Blatt entwicklung iiahezu konstant. 

Ob — wie Johansson annimmt -- dem gemessenen Atmungsmaximum 
der Blatter in Knospenlage ein Atmungsanstieg vorausgeht analog der 
Keimlingsentwicklung von Samen, erscheint im Hinblick auf die vollig 
differenten inneren Entwickiungsbedingungen zumindest sehr zweifelhaft. 

Auch muss dahingestellt bleiben, in wie weit die hohe Atmungsintensitat 
der Knospenblatter nur ein Ausdruck ihres relativen Plasmareichtums ist, 
und bis zu welchem Grad auch hierbei Anderungen in der Menge und Akti- 
vitat der Atmungsfermente wahrend der Blatt entwicklung eine Rolle 
spielen. Wdhrend die Knospenblatter hinsichtlich ihres Energiest off wech- 
sels noch eine negative Bilanz mifweisen, wird bereits im erst en Stadium 
der Blattaufrollung und Streckung der Kompensationspunkt erreicht. 

§ 20. Das Atmungsmaterial. — So ausgiebig die Frage nach dem 
Atmungsmaterial in der pflanzenphysiologischen Literatur diskutiert ist, 
fehlt uns doch eine planmassige Untersuchung gerade bei Pteridophyten so 
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gut wie ganz. Bei der auf anderen Gebieten beobachteten iVnnaherung der 
Gefasskr^^ptogamen an die Phanerogamen wurde auf eine Bestatigung die- 
ser allgemeinen Regel hinsichtlich der Atmung und ihres chemischen Ab- 
laufs verzichtet. Wir konnen zur Disku 3 sion dieser Frage daher nur ge- 
legentliche x4ngaben und ilusserungen heranzielien. 

So bericlitet Basecke ^), dass die Zellen der j ungen Blatter von PhylUUs 
Scolopendrium vollgepfropft mit Starke seien ; im Verlauf der Blattentwick- 
lung nimmt dann der Starkegelialt rasch ab, und im yoll erwaclisenen 
Blatt soil sich Starke nur mehr innerhalb der Endodermis gefiinden haben. 
Diese Starke wird offenbar u.a. auch im Atmungsprozess verbraucht, 
denn nach 8-10 tagiger Verdunklung waren die Blatter vollig starkefrei. 
Dabei wird offensichtlich auch die in den Rhizomen gespeicherte Starke 
mobilisiert und dem hungernden Blatt zugefiihrt, denn Blatter, die wall- 
rend der Verdunklung in Verbindung mit dem Rhizom gebiieben waren, 
verloren ihre Starke etwas langsamer als abgeschnittene Wedel. Die quan- 
titativen Untersuchungen ergaben im belichteten Normalblatt pro 100 g 
Frischgewicht einen Starkegehalt von 14,49 g neben 4,256 g Monosacchari- 
den, wahrend Disaccharide auffallenderweise ganzlich fehlten. Nach 31/2 
tagiger Verdunklung fanden sich neben 3,056 g Zucker nur mehr 8,975 g 
Starke. Da indes die wahrend der Versuchszeit ausgeschiedene COg-Menge 
nicht gemessen wurde, lasst sich liber den Anted der Kohlehydrate an der 
Menge der insgesamt veratmeten St of fe nicht s sagen. Flieruber mochte 
aber die Grosse des Atmungsquotienten Aufschluss geben. Wir haben daher 
einige wenige erganzende Versuche hieruber mit eiiiem im Gewachshaus 
gezogenen ¥^xn {Blechnum brasiliense) angestellt. Die Versuche wur den 
mit einzelnen Fiederblattchen nach der manometrischen Methode ausge- 
fuhrt: Frischgewicht 0,400 g, Temperatur 26°. 


Zeit 

Oa-Verbrauch 

COa-Bildung 

CO, : Oa'': 

0 — 20. jMinute 

328 cmm 

185,6 cmm 

0,57 

21.— 30. „ 

133,5 „ 

88,8 „ 

0,59 

31.— 40. „ 

165 „ 

93,1 „ 

0,56 

41.— 50. „ 

139,6 „ 

87,2 „ 

0,63 

51.— 60. 7 1 

138 „ 

90,6 „ 

0,66 

Mittel i 

151 ; „ 

90,9 „ 

m,60 


Die Atmungsintensitat innerhalb ei'ner Stunde anderte sich unter den 
herrsclienden Versuchsbedingungen also nur unerlieblich. Wohl aber 
erhohte sich der Atmungsquotient immerhin um 10% liber sein Mittel. 
Der niedrige Quotientenwert lasst darauf schliessen, dass im ausgewachse- 
nen Blatt neben Kohlehydraten noch ein anderer offenbar energiereicherer 
Korper verbrannt wird, der — wie aus dem Anstieg des Quotientcnwertes 
zu erkennen ist-physiologisch besonders leicht angreifbar sein muss. Leider 


') Basecke: Bot. Zeitg. 66, 25, 1908. 
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sind wir liber die Fame auch in biochemischer Hinsiclit so ungewohnlich 
diirftig unterrichtet, dass wir mit nnseren Deutungen durchaus spekulativ 
bleiben miissten. Zwar berichtet Basecke liber einebeobachtete Umwand- 
lung von Kohlehydraten in Fett bei einem Farn {Davallia htllaia), aber 
seine Angaben bezieiien sich auf das Rhizom der Pfianze. Nur soviel sclieint 
festziistehen, dass es sicli bei der von uns gemessenen Atmung nicht um eine 
Hungererscheinung einer kohlehydratarmen Pfianze und dadurch beding- 
ten Eiweissabbau handeln kann, denn einerseits spricht sclion die kurze 
A^ersuchszeit gegen eine solche Annahme anderseits aber miisste sich nnter 
derartigen Umstanden der Atmungsquotient wahrend des Versuclis ver- 
mindert und nicht erhoht haben. Fine direkte Zuckerbestimniung behob 
endlich alle Zweifel: es ergaben sich pro 100 g Frischgewiclit 870 nig 
Idslichen vergarbaren Zucker und 940 mg Starke. Das ist zwar auffallend 
viel weniger als Basecke bestimmt hatte, aber man muss bedenken, dass 
die von letzteren angewandte Reduktionsmethode nicht nur die Kohlehy- 
drate sondern alle reduzierenden Substanzen erfasste, und deren gibt es 
in Farnen zweifellos nicht wenige (Phloroglucinderivate). Im librigen aber 
entspricht der von uns bestimmt e Kohlehydratwert demjenigen der Blat- 
ter hoherer Pflanzen viel eher als der exorbitante Wert, den Basecke 
gefunden hatte, und der liber 50% des gesamten Trockengewichts aus- 
machen wiirde. Bei den im Versuch herrschenden Bedingungen hatte die 
x\tmung mindestens 18 vStunden durch die blatteigenen Kohlehydrate 
gespeist werden konnen. Man muss also annehmen, dass in alten Farn- 
blattern ein sauerst of farmer Korper verbrannt oder doch oxydiert wurde. 
Dieser nicht naher zu definierende Stoff wird offenbar erst im Yerlauf der 
Blattentfaltung gebildet, denn die j ungen, noch in Knospenlage befind- 
lichen Blatter w;eisen einen Atmungsquotienten von 1,07 (Mittel von 6 
Bestimmungen) unter gieichen Versuchsbedingungen, also ziemlich reine 
Kohlehydratatmung auf. Dabeiist die Atmungsintensitat der jimgen Blat- 
ter ausserordentlich viel grosser als diejenige der alten: der Sauerst off ver- 
branch liegt etwa 6 mal so hoch, die COa-Produktion ist 3,4 mal so gross 
wie bei ausgewachsenen Blattern. 

§ 2L Die anaerobe Atmung, — Auch iiber die intramolekulare At- 
mung der Fame liegen in der Literatur keine Angaben vor. Zur Ausfullung 
dieser Llicke haben wir einige Versuche mit verschiedenen Farnen [BlecJi- 
num hrasiliense und Poly podium aureum) angestellt. Dabei liess sich fest- 
stellen, dass auch die Fame in x4bwesenheit von Sauerst off zur A 1 k o- 
holbildung befahigt sind. Allerdings entspricht die gebildet e Alko- 
holmenge dem aus der alkoholischen Garungsformel abzuleitenden Wert 
auch dann nicht, wenn die praformierte (als Carbonat) im Blatt ein- 
gelagerte COg in Abzug gebracht wird. Neben der Zucker vergarung lauft 


0 Basecke: Bot. Zeitung 66, 25, 1908. 
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also noch ein anderer CO 2 liefernder aiiaerober Prozess ab, der nicht welter 
definiert werden kann. Zur Biidung fliichtiger Sauren kommt es hierbei 
nicht. Der Quotient Alkohol: CO 2 lag bei Polyp odium aureum um 0,4 bei 
Blechmmi hrasiliense um 0,6. 

Wenn aucli die Gesamtheit der bei der anaeroben Atmung sicli ab- 
spielenden Teilprozesse noch nicht bekaniit ist, so kann doch nicht be- 
zweifelt werden, dass die Fame wie die hoheren Pflanzen iiber e i n 
komplettes zymatisches System verfligen. Trotzdem 
aber vermdgen sie — wieder in Ubereinstimmiing mit den Blattern der 
meisten hoheren Pflanzen- eine Anaerobiose nur begrenzte Zeit zu er- 
tragen. Fiir die von uns untersuchten Formen waren nach 22 stiindiger 
Anaerobiose bei 37° bereits die ersten Spuren einer beginnenden Schadh 
gung zu erkennen. Wahrscheinlich wird fiir die Resistenz die H*-Kon- 
zentration des Zellsafts von erheblicher Bedeutung sein (Vgl. Paech^)). 
Als energetischer Vorgang aber durfte diese Garung fiir die Fame ebenso 
bedeutungsios sein wie fiir die hoheren Pflanzen. 

§ 22. Der Stickstoff-Stoffwechsel. — Der Umfang unserer Kennt- 
nisse hinsichtlich des N-Umsatzes der Fame steht leider in einem krassen 
Missverhaltnis zur Wichtigkeit dieser physiologischen Frage. So wissen 
wir iiber die chemische Zusammensetzung der Eiweisse in den Farnen so 
gut wie nichts. Das hangt natiirlich mit den grossen technischen Schwie- 
rigkeiten der Eiweissisolierung aus vegetativen Pflanzenox'ganen zusam- 
men. Von den hoheren Pflanzen kennen wir wenigstens in Einzelf alien 
die chemische Zusamensetzung der Sameneiweisse. Dagegen sind die Fame 
als „wenig geeignete Objekte'' ausserhalb der Untersuchungen geblieben. 
Durch die ausfiihrliche Darstellung eines genauer untersuchten Einzelfalles, 
der die Ableitung allgemein giiltiger Schliisse und Vorstellungen iiber den 
N-Umsatz bei Farnen iiberhaupt gesattet, glauben wir am ehesten noch 
ein hinreichend geschlossenes Bild dieser Stoffwechseisphare vermitteln 
zu konnen. 

Aber auch die Dynamik des N-Stoffwechsels ist bei den Farnen kaum 
untersucht. Einen ersten Vorstoss nach dieser Richtung hat im Zusam- 
menhang mh der Frage der physiologischen Bedeutung der Saureamide 
G. Schwab gemacht, der mir in freundlicher Weise seine Analysenwerte 
zur vorliegenden Darstellung zur Verfiigung st elite. 

Die lebhaf test en Umsetzungen im N-Stoffwechsel vollziehen sich in den 
Farnen im Zusammenhang mit der rhythmisch veriaufenden Entwicklung 
naturgeraass wahrend des Austreibens zu Beginn der neuen Vegetations- 
periode. Ein mehr oder weniger umfangreiches Rhizom birgt die zum Auf- 
bau der oberirdischen Qrgane notwendigen Stoffreserven, Hinsichtlich der 

0 Paech ; Plaiita 1935, 24, S. 78. 

G. Schwab : Pianta 1936, 25, S. 579. 
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Kohlehydrate liegen die Verhaltnisse sehr einfach, da nebeii der Starke 
alle andern Reservestoffe als Kohlehydratreserven stark zuriicktreten; 
datxegen findet sick der Stickstoff bereits im ruhenden Rhizom in ver- 
schiedener organischer Bindung vor. 

Das rubende Rhizom: An N-haltigen Fraktionen wurden im Rhizom 
von Dyyoptsris Filix-wcis neben dem Total-N die folgenden bestimmt. 


Pro 100 g Friscligewicht : 


Eiweiss-N 

Loslicher N 

Ammoniak-N 

Glutamin- N 

Asparagin- N 

Total-N 

233 mg 

1 23 1 mg 

j 10 mg 

109,5 mg 

j 12,3 mg 

j 454 mg 



1) Vgi. Gruntuch; Planta7, 388, 1929. 
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dischen Organen erreicht wird. Das Rhizom sendet also den bereits in 
geldster Form im Friihjahr vorliegenden N in die neu entstehenden Organe 
hinaus und zieht ihn aus den im Herbst absterbenden Slattern wieder 
zurtick. Hierbei spielt vor aUem das Glutamin eine hervorragende Rolle. 
Es tritt als bevorzugter Wanderstoff ganz klar in Erscheinung, denn nicht 
nur absolut, sondern auch relativ erleidet dieses Amidim Rhizom wahrend 
des Austreiben den starksten Riickgang (Abfallauf etwa3% des Anfangs- 
wertes). Es wird praktisch vollkommen nach den neugebildeten Organen 
abgeleitet. Das darf jedoch nicht ohne Einschrankung im Sinne einer Be- 
statigung der Pfefferschen Auffassung von der Bedeutung der Amide als 
Wanderstoffe gedeutet werden, worauf wir welter unten noch zuriick- 
kommen.werden, denn beziiglich des relativen N- Gehalts ist das hier vollig 
zuriicktretende Asparagin dem Glutamin noch iiberlegen. 

Gegentiber den Amiden und wohl auch den Aminosauren kommt dem 
Ammoniak als Wanderstoff (in Form der Ammonsabe) keine Bedeutung 
zu. Die geringe Menge der im Zellsaft der Fame (s. S. 355) vorhandenen 



ViG, W.—Dryoptevis Filix-mas'. Kn- Fig. 12. — Dry opieris Filix-mas: 

derungen im Gehalt an N haltigen Schwankungen im Einweiss- u. Los- 

Stoffen im Verlauf der Entwicklung lichen-N im Verlauf der Blatten- 


der Achsenorgane. twicklung. 

freien HVschliesst eine weitergehende Ammoniakspeicherung offenbar aus. 

Sebr auffallig tritt die Stabilitat der Rhizomeiweisse im Verlauf der 
sommerliclien Neubildung von Organen hervor. Ihr Gehalt nimmt in 
keiner Phase der Entwicklung auch nur voriibergehend ab. Die Rhizom- 
eiweisse sind also nur zum allergeringsten Teil Reserveeiweisse. Eine 
kleine Abnahme im Eiweissgehalt der Rhizome wahrend der Organneubil- 
dung kann freilich durch die Bezugnahme auf das variable Frischgewicht 
maskiert sein. Immerhin kann man feststellen, dass die Eiweissabnahme 
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des Rhizoms im Verlauf der Entwicklung relativ nicht grosser ist als die 
\bnahme des Rhizomfrischgewichtes. Unbeschadet der daraus notwendig 
werdenden Korrektion kann man sagen, dass der losliche N die bei weitem 
■wiclitigste N-Reservefraktion des Rhizoms darstellt . 

Die N-Ableitung aus dem Rhizom spiegelt sich in gegensinnigen Ver- 
anderungen des Gehalts von Blattstiel und Blattflachen an N-haltigen 
Substanzen wider. 

B 1 a 1 1 s t i e 1 e: (Vgl. Fig. 1 1). Im Stadium der Aufrollung der Blatter 
stauen sich die loslichen N- haltigen Stoffe im Blattstiel. Glutamin und 
Asparagin in fast gleichen Mengen auftretend, machen zusammen rund 50% 
des gesamten loslichen N aus. Der starken Amidauswanderung aus dem 
Rhizom entspricht also eine voriibergehende Anhaufung im Blattstiel. Das 
deutliche Hervortreten des Asparagins mochte als Ergebnis einer bevor- 
zugten Verarbeitung von Glutamin im Rahmen der die Neabildung von 
Pflanzenmaterial begleitenden Eiweisssynthesen 'gedeutet werden. Nach 
den Untersuchungen von G. Schwab ist in hoheren Pflanzen ein reichliches 
Auftreten von Gustamin mit einer gesteigerten Aktivitat der Glutami- 
nase gekoppelt. Im Blattstiel deserwachsenen Blattes irimmt dann 
der losliche N und mit ihm der Gehalt an Amiden raschab, undesergeben 
sich Verhaltnisse wie in der Blattlamina, d.h. nahezu 92 des T'otaE R ist 
alsEiweiss deponiert. Die geringe Bedeutung der Ammonsalze als Wander- 
stoffe tritt auch in den Blattstielen in Erscheinung. 

Blatter: (Vgl. Fig. 12). Imponierend tritt bei der Blatt entwicklung 

die Fahigkeit dieser Organe zur Ei- 
weissbildung zu Tage. Vergleicht man 
zunachst die Werte ftir Total-N in den 
Slattern verschiedener Entwicklungs- | 
stufen, so fallt von rasch wieder aus- 
geglichenen Schwankungen abgesehen ^ »» 
die relative Konstanz sofort ins Auge 
(Fig. 13); auf die Frischgewichtseinheit 
fallt in alien Entwicklungsphasen die | 
gleiche Stickstoffmenge. Die Zufuhr .i 
von Stickstoff aus dem Rhizom, zum J 



Teil-besonders im spateren Entwick- 
lungsverlauf-natiirlich auch aus dem 
Substrat, halt also mit der Frischge- 
wichtsvermehrung durcbaus Schritt. 
Man wird auf Grund dieser zu Tage tre- 


Pjq — Bvyopieris Filix-mas: 

Schwankungen im Gehalt an Total- 
N im Verlauf der Blattentwicklung. 


tenden Korrelation geneigt sein, die N- : ^ 

Zufuhr als bestimmenden Faktor der Substanzneubildung aufzufassen. as 
nun das Verhaltnis Loslicher; Eiweiss-N betrifft, so macht sich nut dem 
Alter der Blatter ein deutlicher Anstieg des relativen Eiwe^sgehalts geltend, 
d.h. der zugeleitete N wird in den Blattem nicht sofort m vollem Umfang 
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zu Eiweiss synthetisiert. Nach den Untersuchungen von PaeghI) istdas 
Yerhaltnis Eiweiss : Loslichem N in erster Linie durch den Kohlehydrat- 
spiegel del- betref f enden Organe bestimmt . Es erscheint auch durchaus wahr- 
scheinlich, dass die Kohlehydratzufuhr aus Reserveorganen und Assimila- 
tion mit der stiirmischen Neubildung (vom 23. III. bis 8. V. wuchs ein Blatt 
von 5 cm Lange auf 85 cm heran) nicht Schfitt halten kann, so dass 
leicht voriibergehend ein relativer Kohlehydratmangel einzutreten ver- 
mag. Mit der fortschreitenden Auffullung des Kohlehydratdefizits steigt 
dann auch der Eiweissgehalt der Blatter bis auf 94% des Total- N an. Die 
gelegentliche Stauung an Loslichem R kommt auch in einem zeitweisen 
Anstieg der Amidmengen (Fig. 14) im Blatt zum Ausdruck, Das tlber- 
wiegen des Asparagins Msst vermuten, dass das Glutamin auch im Blatt 
einer rascheren Verarbeitung anheimfallt als das Asparagin, das sich im 
Stoffwechsel der Versuchspflanze fast ein wenig zellfremd ausnimmt. Mit 



Fig. 14. — Dryopiens Filix-mas: Fio. \S. — Dryopieris : Wirkung 

Schwankungen im Amidgehalt der langer dauernder Verdunklung auf denN- 
Blatter im Verlauf der Entwicklung Stoffwechsel der Blatter. 

der Pflanze." ■' /' 

Erliohung des Kohleliydratspiegels geheii dann beide Amide auf geringe 
Betrage zuriick. Ammoniak bauft sich auf keiner^Entwicklungsstufe in 
erhebiichen Mengen an. 

Bede u t u n g der Ami d e i m N-H a u s h a 1 1 d e r F a r n e. 

Wir haben oben die alte Streitfrage nach der physioiogischen Bedeutung 
der Amide 2), ob Wanderstoffe oder Entgiftungsstoffe offen iassen miis- 
sen. Das gehaufte Auftreten der Amide im Rhizom konnte nach beiden 
Richtungen gedeutet werden, weil nicht bekannt war, in welcher Form der 
Losliche N dem Rhizom aus den Blattern zugewandert war. Fine Entschei- 
dung der Frage war mogiich, wenn man die Ableitung der LosUchen N hal- 
tigen Substanzen nach dem Rhizom verhinderte. Durch gleichzeitige Ver- 


Paech: Planta 1935, 24, S. 78: 

2) Mothes : Planta 1925, I, S. 472. 
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dunlclung abgeschnittener Blatter wurden fur den N~stoffweclisel kiinst- 
lich die Bedingungen vergilbender Blatter gescliaffen. Die foigeiide Ta- 
belle gibt das Ergebnis eines solchen Verdunklungsversuches wieder : (vgL 
auch Fig. 15). 


Verdunklungszeit 
in Tagen ..... 

0 

0 

4 

6 

9 

13 

16 

, 19 

% Ehveiss-N. .... 

94 

92,4 

88,8 

83,6 

84,2 

78,3 

66,9 

63,5 

% Loslicher N . . . . 

6 . 

7,6 

11,2 

16,4 

19,8 

21,7 

33,1 

1 36,5 

% Ammon. “N . ... 

0,3 

0,3 

0,3 

0.4 

0,6 

0,7 

2,5 

2,8 

% Glutamin-N .... 

0,4 

1,8 

2,3 

2,6 

5,8 

8,3 

11,2 

8,8 

% Asparagin-N . . . 

0,03 

0.6 

0,9 

0,3 

2,4 

1,2 

4,3 

3,1 

% Rest-N 

5,3 

5,0 

7,7 

13,1 

7,0 

11,5 

15,1 

21,8 


Der im Abbau entstehende Ammoniak wird zunachst fast quantitativ 
als Glutamin entgiftet. Erst bei starker flihlbar werdendem Kohlehydrat- 
mangeltritt auch Asparagin in Erscheinung, das bezeichnenderweise auch 
schon von erheblichen Ammoniakmengen als dem Syniptom verscharften 
Kohlehydratmangels begleitet wird. 

Im Sinn von Ruhland und Wetzel ist Dryopieris Filix-mas somit als 
typische Amidpflanze zii bezeichnen ; im Gegensatz zu den meisten hoheren 
Amidpflanzen erfolgt jedoch die Ammoniakentgiftung nicht in Form von 
Asparagin-, sondern von Glutaminbildung. 
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OKOLOGIE DER EXTRATROPISCHEN PTERIDOPHYTEN 

von 

H. Gams (Innsbruck) 

I. Autokologie 

§ 1. Geschichtliches. — Obgleich die meisten der unzaliligen Unter- 
suchungen liber die Morphologie, Entwicklungsgeschichte und Physiologie 
samtlicher Pteridophytengruppen von Al. Braun, Mettenius und Hof- 
MEiSTER (1846-71) bis zu Bower, Campbell, Claussen, Goebel^) und 
ihren vielen Schiilern auch autokologische Beobachtungen enthalten und 
auch synokologische Beziehungen von viel mehr Biozdnotikern untersucht 
worden sind als bei den Moosen 2), gibt es noch keine Gesamtdarstellung 
der Okologie alier lebenden Pteridophyten. Am nachsten kommt diesem 
Ziel Christs Geographic der Fame (s. Kap. XIII § 1), welche jedocli nur die 
Filicineen mit Ausschluss der Hydropteriden und noch ohne Einbeziehung 
der experimentellen Okologie behandelt . 

§2. Die Lebensformen als Ausdruck der Gesamtokologie. — 
Samtliche Stamme der Pteridophyten haben, sobald einmal das Uberge- 
wicht des Sporophyten liber den Gametophyten erlangt war, schon im 
Devon und Karbon die Baumform oder phanerophytische Lebensform, er- 
reicht und es ist kaum zweifelhaft, dass alle lebenden Pteridophyten (vieh 
leicht mit Ausnahme der Psilotales, falls diese wirklich von niedrigen Psilo-* 
phyten abgeleitet werden konneri) von immergrlinen Pbanerophyten mit 
ursprlinglich autotrophen, adnaten Prothallien abzuleiten sind ®) . 

Von seiner Dissertation in Bot. Zeitung 1877 bis .zur III. Auflage seiner Orga- 
nographie 1933, insbesondere Morpliol. u. biol. Studien (Ann. Jard. bot. Buiten- 
zorg VII-XXXIX, 1888-1928), Pflanzenbiologische Schilderungen (Marburg 1889 
-91) und Archegoniatenstudien (Flora LXXVI-CXXII, 1892-1928). 

Gams in Manual of Bryology 1932 p. 323. 

*) F. O. Bower, The Origin of a Land Flora. London 1908. 

H, Molholm Hansen, En Undersbgelse over de Raunkiaerske Livsformers Pa- 
iaeontologi. RAUNKiAER-Festschr. Kopenhagen 1930. 

W. ZiMMERMANN, Der Baum in seinem phylogenetischen Werden. Ber. Deutsch. 
Bot. Ges. XLVIII, 1930. 


H. GAMS, OKOLOGIE DER EXTRATROPISCHEX PTERIDOPHYTEX 333 

Am urspruiiglichsten erscheinen demnach unter den lebenden Pteri- 
dophyten neben einigen epipliytischen Lycopodien mit noch vorwiegend 
antotrophen Prothallien die Baumfarne iind am weitesten abgeleitet die 
Kryptophyten nnd Theropbyten im Sinne Rauxkiaers, zii welchen miter 
den Lycopodialen PhyllQglossummiL6.Isoetes, unter den Filicineen die Ophio- 
giossaGeen, Ceratopteris, Marsiliaceen, Salvinia imd AzoUa gehoren. Die 
Vereiniging der letztgenannten Heterosporeh als Hydropterides ist heute 
als nur okologisclie, nicht phylogenetische Klassifikation anerkaniit. Die 
Versiiche, die Ophioglossaceen nnd die sekundar z. T. {Tvichoinanes-Kii(^r\) 
sogar wurzeilos gewordenen adnaten Fame direkt von Bryophyten abzu- 
leiten (Presl 1841, Prantl 1875 u.a.), haben fehlgeschlagen, denii aiich 
die scheinbar so einfachen Hymenopbyllaceen, Vittarieen usw. sind sehr 
wahrscheiniich nnr reduziert, nnd die Ahnlichkeit mit adnaten Moosen 
beruht nur auf okologischer Konvergenz (s, Goebel in Flora CXXIV 1 930) 

Mit Bezug auf die Lebensf ormen ergeben sich folgende Progressionen : 

Beim Sporophyten von Phanerophyten iiber Chamaephyten und 
Hemikryptophyten einerseits zu sekundaren Adnaten (Epixjden und Epi- 
petren), andrerseits zu Geophyten (inkl. Theropbyten) und sekundaren 
Hydrophyten. Unter den heutigen Lycopodialen und Psilotalen tiberwie- 
gen die Chamaephyten, unter den Filicineen namentlich der gemassigten 
und kalten Klimate die Hemikryptophyten, unter den Articulaten [Equi- 
setum) Geophyten. Bei den Lycopodiaien (Phylloglossum) und Eqiiise- 
turn, wo Chamaephyten fast direkt zu Geophyten ge’wor den sind, scheint 
das hemikryptophytische Stadium wegen der Empfindlichkeit der durch 
die mikrophyllen Sprosse zu wenig geschiitzten Prothallien nicht bestandig 
zu sein. Die sommergriinen Fame und Equiseten sind zweifellos durchwegs 
von immergriinen, die heteroblastischen Equiseten {Heterophyadica A.Br.) 
von homoblastischen {Homophyadica A.Br.) abzuleiten, sodass also die 
ubliche Anordnung in Vernalia, Suhvernalia xmA Aestivalia umzukehren ist. 

h. Beim Garnet opliy ten geht die Entwicklung vom autotrophen, adna- 
ten Prothallium, das im aligemeinen ganz mit anakrogynen Jungermannia- 
len ubereinstimmt und nur bei einigen adnaten Farnen {Trichomanes, 
u.a.) und Lycopodien (Treubs Phlegmaria-Typ) sekundar atavis- 
tisch zur Fadenform zuriickgekehrt ist, einerseits bei den Isosporen zu fa- 
kultativen Geophyten (Knollchenbildung bei Anograf/'zma- und Eqitisetum- 
ilrten ^) und obligatorisch mykotrophen Geophyten {Lycopodiaceae, Psilo- 
taceae, Ophioglossaceae), andrerseits bei den Heterosporen [Selaginella, 
Isoetes, Marsiliaceae, Salvinia, Azolla) znm Verzicht auf die selbstandige 
Lebensform, indem die Prothallien die Makro- und Mikrosporen nicht mehr 
ganz verlassen. Die in mehreren Stamenm unabhangig aufgetretene Hete- 


q Gams in Manual of Bryol. p. 328. H. Meusel, Wuehsforraen und Wuchstypen 
der europaischen Laubmoose. N. Acta Leopold, N. F. Ill, Halle 1935. 

q K. Ludwigs, Untersuchungen zur Bioiogie des Equiseten. Flora CHI, 1911. 



pjQ 1 Dicksonia squaffOsa-’BQstoji^. (mit Schefflera digitata, Fuchsia ex- 

Gorticata, Freycinetia Banksii, Knightia excelsa, Dysoxylum speclabile nnd Rhopa- 
lostylis sapida) in einem feuchten Tal bei Huia nachst Auckland (New Zealand). 

^ ’ Photo L. Cranwell. 


Bei Beriicksichtigung beider Generationen ergibt sich folgende Reihe der 
Lebensformen : 

1. Phanerophyten mit autotrophen Prothallien (Baum- und Kletter- 
farne, einige sudamerikanische Eqidseta), 

2. Chamaephyten und Adnate mit wenigstens teilweise autotrophen 
Prothallien (viele isospore Fame, Lycopodium subgen. Ufostachya 

EquiseUm snhgen. Sclerocaulon ==^ Hippochaete). 

3. Chamaephyten mit mykotrophen Prothallien (meiste Lycopodien und 
Psilotales). 

4. Plemikryptophyten mit autotrophen, karzlebigen Prothallien (meiste 
isospore Fame). 

5. Therophyten mit autotrophen, halb geophytischen Prothallien {Ano- 
gramma). 

6. Geophyten und Helophyten mit selbstandigen, autotrophen Pro- 
thallien (viele Pteridium, Dryopteris subgen. Thelypteris und 

Gymnocarpium; Equisdum subgQTi. Malacocaulon =•■ Eueqiiisctum). 
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rosporie scheint direkt Vorbedingung fur die Aufgabe der Selbstandigkeit 
des Gametophyten, welche den Bliitenpflanzen eine so viel grossere okolo- 
gische Amplitude als den Archegoniaten und damit ihre Uberlegenheit er- 
moglicht hat. Warum die heterosporen Articulaten schon in der Juraforma- 

tion erloschen sind, ist noch unbekannt. 
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7) Geophyten mit geopliytisclien, mykotroplien Protlialiien (Plniloglos- 
sum, Ophioglossaceae). 

8. Hydrophyten mit selbstandigen, autotrophen Prothailien (Cera- 
topteris). 

9. Chamaephyten mit unselbstandigen Prothailien {SelagmcUa) , 

10. Helo- und Hydrophyten, Geo- und Therophyten mit unselbstandi- 
gen Prothalhen 



§ 3, Wasserhaushalt. — Im Wasserhaushalt nehmen die Pteridophy- 
ten Zwischenstellungen zwischen den ganz Wassergehalt der Umge- 
bung abhangigen (poikolohydren ^)) Thallophyten und Bryophyten und 
den in verschieden hohem Grad ihren Wasserhaushalt regiilierenden (ho- 
moiohydren ^)) Bliitenpflanzen ein. Die autotrophen Prothailien der mei- 
sten Filieineen und Equiseten, die Luftsprosse der rneisten Fame und 
Equiseten, bei manchen Farnen (z.B. vielen Hymenophyllaceen und Was- 
serfarnen) auch die ganzen Pflanzen vermdgen Austrocknung ebensowenig 
zu ertragen wie die rneisten Algen und Moosprotonemata. Nach Dosdall 
welken die Sprosse des sonst so widerstandsfahigen Eqaisetum arvense bei' 
gleichen Wurzelbedingungen frliher als z.B. die von Phaseolus vulgaris 
und HeliantJms annuus. 

Der osmotische Wert des Zellsafts der griinen Gewebe schwankt nach 
Walters Messungen bei Schatten- 
farnen und zwischen nur 

8 und 1 6 Atm. und bei hoherer Kon- 
zentration (BlechnumSpicant bei 24, 

Polypodium vulgar eeist bei 35 Atm.) 
sterben die rneisten Farnblatter ab. 

Dagegen vertragen die rneisten 
Rhizome, selbst solchesehrhygro- 
philer Arten (z.B. Adianhm capih 
lus-Veneris und EquiseUtm), die 
vSporokarpien von M arsilia, die 
Sporen der rneisten Pteridophyten, 
die Knollenprothallien vieler Ophio- 
glossaceen und die Prothallienknoll- 
chen von Anogramma- und Equise- 
tum-krim langere Lufttrockenheit . 

Bei Ano gramma {Gy mno gramme) 
und chaerophylla pereri- 
nieren nur die Prothailien, wogegen 


Fig. 2. — Selagimlla tamarisci n a 
gebreitet, uiiten eingerollt) mit Cvclopho 
rus lingua an sonnigen Felsen im nordli' 
cben Ussuri-Gebiet. — Photo Lazarenko. 


0 H. Walter, Die Hydratur der Pflanze. Jena 1931. 

2) L. Dosdall, Water requirement and adaptation in Plant World 

XXII, 1919. 
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Fig. 3. — Tvichomanes (Cavdiomanes) re- 
niforme mit sichbei Trockenheit ober warts 
einrollenden Blattern, in dichter Matte 
auf Lava, nur dnrch Zweige von Metrosi- 
deros tomentosa und Hoi ste von A steli a 
Banksii etwas beschattet. Rangitoto 
Island (New Zealand). 

Photo L. Cranwell. 
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die kurziebigen Sporophyten nur in dauernd dampfgesattigter frostfreier 
Liif t vegetieren . 

Die Sprosse mehrerer Selaginellen, wie der amerikanischen S. lepidophyl- 
la ^), dev ddxikd.m^c\ien S . imhricata und der ostasiatischen S . tamanscina 
(Fig. 2), und die immergriinen Blatter vieler in vollem Sonnenlicht wachsen- 
der Fame (in geringem Grad z.B. viele Arten von Polypodium, Asplenium, 
Phylliiis und Woodsia, in hochstem Grad Arten von Pellaea, Ceterach, No- 
tholaena (Fig. 4 und 12) und Cheilanthes, somit Christs dicht spreuschup- 
piger ^^Cheilanthes-Ty^”) vermogen, obgleich auch ihr osmotischer Wert 
normal erweise nur 13-17 Atm. betragt (bei AspleniumRuta-muranaizxid 

Walter bis 19,4, bei Cheilanthes- 
Arten bis 24 Atm.), nach volliger 
Lufttrockenheit wieder aufzuie- 
ben ^) . Die bei der Austrocknung 
erfolgende Einkrummung, welcbe 
wenig treffendals Xerotropismus, 
besser als Trockenstellung be- 
zeichnet wird, erfolgt meist nach 
oben {Selaginella, Polypodium, Ce- 
terach, Cheilanthes usw., moh Car- 
diomanes reniforme, s. Fig. 3), sel- 
tener {z.B. A splenium- Alien) nach 
unten. Viele Arten vertragen mehr- 
monatige {einigeSelaginellenmehi^ 
jahrige) vollstandige Austrock- 
nung und leben nach Wasserauf- 
nahme durch die Blatter (bei 
Cheilanthes, Woodsia, Elaphoglos- 
sum nsw. besonders durch Ver- 
mittlung der Spreuschuppen, bei 
Selaginella der Ligula) wieder auf, 
wobei oft das doppelte, in einzelnen 


b Goebel, Entwicklungsgeschichte der Prothallien von Gymnogramme hpto- 
phylla. Bot.ZeitungXXXV, 1877 und in Flora LXXII 1889. Gams in Beitr. z. geo- 
bot. Landesaufnahme d. Schweiz XV 1927 p. 107 u, 356. 

2) Leclerc DU Sablon, Sur la reviviscence du Selaginella lepidophylla. Bull. 
Soc. Bot. de France XXXV 1888. J.;P. Wojenowic, Beitrage zur Morphologie, 
Anatomie und Biologie doi Selaginella lepidophylla. Diss. Breslau 1890. J, C. Th. 
Uphof, Physiological Anatomy of xerophy tic Selaginellas. New Phytologist XIX 
1920. E. F. Andrews, Habits and habitats of the north american resurrection 
fern. Torreya XX 1920. 

2) V. Br. Wittrock, Biologiska ormbunkstudier. Acta Horti Bergiani I 1891. 
A. Borzi, Xerotropismo nelle felci. N. Giorn. Bot. Ital. XX 1913. F. L. Pickett in 
Bull. Torrey Bot. Club L 1923, LIII 1926 and Amer. Fern Jourii. XXI 1931. 
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Fallen das 6-8 fache des Trockengewichts an Wasser aufgenommen wird. 
DieseDiirreresistenz des Laubes ist bei den Farnen aber seltener als bei den 
Moosen und wohl durcliwegs eine sekundare Anpassung. 







Fig. 4. ■ — Die xerophytische N otholaena FencUeri Kunze zwischen Lavablocken 
in der Halbwiiste bei Tucson (S. Arizona). — Photo J. C. Th. Uphof. 


§ 4. Temper atur. — Als okologischer Faktor wirkt die Temperatur 
besonders indirekt iiber den Wasser- und Stoffhaushalt, dochsindnament- 
lich viele Arealgrenzen thermisch bestimmt. Die meisten Baum- und Klet- 
terfarne sind auf das megatherme Tropengebiet beschrankt, doch erreichen 
Baunifarne z.B. am Kilimandscharo 2500, auf Celebes 2700 und in Ecuador 
3420 m Holie. Siidlich reichen sie bis ins Kapland, Tasmania, Auckland, S.- 
Brasilien und Juan Fernandez (Fig. 5). Windende Fame fehlen zwar 
Europa und dem Mittelmeergebiet, doch reicht Lygodiiim japonimm von 
Japan und Shensi bis Neuseeland und L. pahnatum von New Hampshire 
und Pennsylvania bis S. -Chile. Die Mehrzahl der adnaten Pteridophyten, 
vor alleni der Hymenophyllaceen, ist sehr empfindhch inbezug auf thermi- 
sche und hygrische Kontinentalitat, doch reichen einige der „hyperozeani- 
schen'' Hymenophyllum-krt&n sehr weit nach Norden (Faer Oer, W.-Nor- 
wegen, Sachalin) und Siiden (S.-Georgia, Auckland, Campbell-I., Chatham- 
-L, Kerguelen) und auf den Bergen des tropischen Afrika, iVsien und Ameri- 
ka steigen einige bis iiber 3600 m, wobei sie gleich den hyperozeanischen 
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Jloosen (s. Man. of Bryol. p. 340) und Flechten an entweder ganz frostfreie 

Oder gut schneegeschniitzte Standorte gebunden sind ^). 

Nach absteigender Empfindlichkeit gegen Winterkalte ergibt sich fol- 
gende Reihe: Baumfarne, Woodwardia undTrichomanes — Hymenophyl- 
lum peltatim und Asplenium marinum — Hymenophylhm iunbndgense 
und Asplenium lanceolatum — Gymnogramme leptophylla und Osmunda — 
Maiteuccia und PhylUtis — Blechnum Spicant und Polystichum-Axim 
(Fig. 5). Die grosse Mehrzahl aller Pteridophyten ist an das Waldklima 
gebunden, doch gehen viele an lokalklimatisch begiinstigten Orten mit 
gutem Schneeschutz weit fiber die thermischen Waldgrenzen, sowohl 
Chamaephyten {Lycopodium cmdinum in Bolivia bis 5000 xn, L. Suututus 
auf den Kamerun-Bergen bis 3300, auf der Quimzacruz-Kordillere bis 
gegen 5200 m mit Polypodium stipitatum), wie Hemikryptophyten im 
Schutz von Bldcken und Felsspalten (viele Polypodiaceen auf den Gebirgen 
Siidasiens und Siidamerikas bis fiber 4000 m, besonders Arten von 
Cystopteris, Woodsia, Asplenium und Polystichum, so P. Duthiei im Hi- 
malaya bis ca. 5700 m, auf den Anden auch Pellaea und Jamesonia), 
Geopbyten {Cfyptogyumma Stelleyi im Himalaya bis fiber 5000 m, Bo- 
irychium Lunaria auf vielen Gebirgen bis zur Schneegrenze, in Gronland 
bis 71 ° 40 ', in Siidamerika bis Patagonien), Helophyten und Hydrophyten 
(Zsoefes fflCMsfre bis Magero 71 °7'). 

Hohengrenzen der in Gronland, Europa, Nordafrika und Mittelasien 2} 
am hSchsten steigenden Pteridophyten : 



Scoresby- 
Sound in 

E- Gronland 

J otunlieimen 
in Norwegen 

Alpen 

Kaukasus 

Marokkani- 
sclier Atlas 

Tianschan 
u. Dshung. 
Alatau 

Pamir 

Botrychium Lunaria . . . . 


_ 

3000 

3000 

... 

3050 

3300 

Cystopteris fragilis . . . . . 

1255 

1500 

3000 

3100 

3700 

3100 

ca. 4500 

Athyriuni alpestre 


1870 

2250 

2800 

• — • .. 

— 

' 

Crypiogramma crispa .... 

— 

1500 

2730 

3000 

— 

. 


Polypodium vulgare . . . . • 

— 

— , 

2600 

2250 

— 

2800 


A splenium septentrionale . . . 

— 

? 

2820 

2800 

— 

ca. 2100 

. — 

,, viride . . ... . 


? 

2950 

2800 

3700 

3100 

_ 

,, Ruta-muvaria . . 

— 

— 

2900 

2200 

3700 

3100 

— 

Lycopodium Selago . . . ... 

940 

1940 

3120 

2600 

— 

ca. 2700 

— ■ 

Equisetum variegatum . . . . 

1255 

? 

2545 

2600 

■ 




•) J. E. Holloway, Studies in the New Zealand Hymenophyllaceae. Trans. N. 
Zeal. Inst. LIV-LV, 1923-24. H. Handel-Mazzetti, Symbolae SinicaeVI, 1929. 
Ferner die Arealkarten bei Christ (Geogr. d. Fame T. II, III), Holmboe (Natu- 
ren 1927) u. Degelius (Acta phytogeogr. suec. VII 1935 p. 212). 

s) Nach N. Hartz, R. JQrgensen, Braun-Blanqdet, Grossheim, Maire (Mem. 
Soc. sc. nat. Maroc XXXIII 1932) u.a., Mittelasien nach O. u. B. Fedtschenko in 
Acta Horti Petrop. XXXVIII 1924 u. Bull. Jard. Bot. USSR 1927. 



Fig. 5. — Die Pteridopliyten-reichsten Hylaea-Gebiete (schwarz), die PteridO' 
phyten-armsten Gebiete (punktiert) und einige Trocken- uad Kaltegrenzen. 
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Die 6 am weitesten in die Arktis vorgedrungenen Pteridophyten sind i) 


Gronland und 
Elies mereland 


Spitzbergen Novaja Zemlja 


Cystoptei'is fvagilis . 8r47' ca. 78^ /8 

W oodsia glabella . . 81°47" ca. 78^ 

Lycopodium Selago . 81°43' ca. 78 ^ ^oo 

Equisetumscirpoides. 69°33' 79°56' , 

variegatum 82° 17' ca. 78 74 30 74 27 

arvense . 82°29' ca. 79° 73°20' 74°51' 

In der Antarktis erreichen heute keine Pteridophyten den 60. Breitegrad. 
Bis zu den Falkland- und Auckland-Inseln (51-53°) gehen u.a.. Trichoma- 
nes-Avten, Schizaea australis und Gleichema cryptocarpa, bis etwa 55° (Fue- 
gia, St. Georgia, Campbell-I.) mehrere Hymenophy Hum- Alien, Polypodmm 
australe, Blechmim tabulare nnd penna-marina, Polystichum mohrioides. 
Arktis und Antarktis gemeinsam sind Hymenophyllum peltatum, Cystopteris 
■fragilis und Poly podium vulgar e. 

Am resistentesten gegen vorlibergehend sehr hohe Hitzegiade sind die 
Rhizome einiger Geophyten und die Stamme einiger Baumfarne. So ver- 
mogen Equisetum- Alien und besonders Pteridium aqidlinum nicht nur 
Waldbrande unbeschadet zu uberdauern, sondern auch Uberschuttung mit 
vulkanischer Asche und Bimssteinen. Wieweit sie und einige Baumfarne 
selbst nach tlberstromen gliihender Lava noch auszutreiben veimogeii, 
worauf die Beobachtungen W. Schimpers u.a. am Gunung Guntur auf 
Java, von Yosmi am Komagatake, von Burkill am Kilauea, von Ro- 
byns am Rumoka u.a. deuten, bedarf weiterer UntersuGhung. 
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volliger Dunkelheit keimen, liaben bereits Hofmeister, Milde ii.a. festge- 
stellt, aber dasselbe gilt nach Schelting, Laage, H. Fischer, Nagai u.a. 
auch z.B. fiir die Osmundaceen, Poly podium vulgar e u.a., wogegen z.B. 
viele Asplenien, Ceterach, Phyllitis, Aneimia u.a. Liclitkeimer sind. Die 
Prothallien der Osmundaceen, von Cryptogranima u.a. vermiigen, wie schon 
Borodin gezeigt hat, auch im Dunkeln wenigstens Antheridien zu bilden. 
Den Einfluss verschiedenen Liclits haben Burgerstein und Stephan 
untersucht (s. auch S. 368-370). 

Farnprothallien und junge Sporophyten mit Primarbiattern werden sehr 
regelmassig in Hohlen bis fast an die Chlorophyllgrenze bei einem relativen 
Lichtgenuss von 1/1000-1/1700 getroffen, ja selbst im vollig dunkeln Floh- 
leninnern um niir kurze Zeit brennende Dampen, so solche von Cystopiens 
fragilis und Poly podium vulgare, doch werden bei einem Lichtgenuss von 
unter 1/300 keine Sori mehr gebildet s) . Fur die Bildung normaler Prothah 
lien mit befruchtungsfahigen Archegonien brauchen aber die meisten Pteri- 
dophyten mit Ausnahme derer mit Knollenprothallien und fiir die normale 
Atisbildung des Sporophyten aile Pteridophyten Licht in verschiedener 
Menge. Wenn aber erst Rhizome gebildet und Reservestoffe gespeichert 
sind, vermdgen nach Karoline Bittner wohl samtliche Filicineen und 
einige Seiaginellen, nicht aber die Lycopodien und Equiseten, auch in volli- 
ger Dunkelheit Blatter mit Chlorophyll zu bilden. An Steile dorsiventraler 
Prothallien und SelaginellaS-pTos^t werden im Dunkeln isolaterale gebildet. 
Das Lichtbedurfnis der Tropho- und Sporophylle der meisten Pteridophy- 
ten schwankt innerhalb sehr weiter Grenzen. Das Optinium der meisten 
Wald- und Felsfarne diirfte nach den Messungen Lammermayrs u.a. bei 
einem relativen Lichtgenuss von 1/10-1/50 iiegen. Meist in vollem Sonnen- 
licht wachsen z.B. Asplenium Ruta-muraria, Ceterach, Ckeilanthes, CyclopJio- 
rus (Fig. 2) und andere Xerophyten, einige Lycopodien (z.B. L. alptnum 
und. inundatum) und die mtisitn Equiseten und Heterosporen mit Ausnahme 
einiaer Seladnellen und in grosserer Wassertiefe lebender Isoeien und Pilu- 


§ 6. Boden (Edaphismus). — Bei alien Archegoniaten scheinen die 
urspriinglicheren Sippen saure mineralische und Humusbodeii vorzuziehen 
und alkalische Boden zu meiden, sodass die basiphilen (minimialkaline 


0 I. Borodin m Bull. Acad. bt. Eetersb. 

2) A. Burgerstein in Ber. Deutsch. Bot. Ges. XXXVI 1908. J. ■ 
Blanta V 1928 u.^Jahrb. f. wiss. Bot- LXX 1929. 

q F. Morton u. H. Gams, Elohlenpflanzen. Spelaol. Monogr. V, Wiei 
die alteren Arbeiten. Maheu et Guerin in Bull. Soc. Bot de Fr. 1935. 

L. Lammermayr in Jahrb. Gymnas. Leoben IX~X 1907-8, Denl^ 
Wien LXXXVII-XCII 191 1-15 u. Mitt. Naturw. Ver. Steiermark LI 
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nach Wherry) durcliwegs von oxyphilen (mediaciden nach Wherry, aci- 
dophilen nach Amann, Apinis u.a. ^)) abzuleiten Sind. 

Alls der bereits selir grossen Zahl von aller dings nur zum kleineren Tell 
einwandireien und in vielen regionalen Vegetationsmonographien zerstreu- 
ten Aciditatsmessungen von Pteridophytensubstraten geht folgendes lier- 
vor : 

Die grosse Mehrzahl der Pteridophyten, insbesondere auch der tropi- 
schen, scheint euryion mit Optimum im sauren Bereich (meist zwisclien 
pH 5 und 6). Das gilt fiir die meisten Isoetes- und Eqtdsetum- Arten, vieie 
Ophioglossaceen, Osmundaceen und Polypodiaceen, so Phegopteris Dryopte- 
ris (Amplitude pH 3,4“7,3), Pteridhim aquilinum (von pH 3,2, welchen 
Wert Ruttner an den Solfataren von Samosir auf Sumatra mass, bis 7,6 
nach F. Chodat 2)), Polypodium vidgare (pH 4, 5-8,5 nach Wherry) und 
polypodioides ^). Euryion mit Optimum um den Neutralpunkt (subneutro- 
phil) Oder im alkalischen Bereich (eurybasiphil) sind die meisten Selaginel- 
len (so wohl alle europaischen Arten)^ Ceterach officinarum, Polystichum 
lohatum und lonchitis, Camptosorus rhizophylhis ^), Eqttisetum hiemale und 
maximum. 

Unter den stenoionen Pteridophyten iiberwiegen besonders in den war- 
men Landern, worauf zuerst Wherry hingewiesen hat, die oxyphilen. Zu 
ihnengehoren wohl alle Lycopodiaceae (diegrosste, fast bis zum Neutral- 
punkt reichende Amplitude scheinen das besonders weit verbreitete Lyco- 
podium Selago und das nahestehende nordamerikanische L. lucidulum auf- 
zuweisen), Schizaeaceae und Hymenophyllaceae, Blechnum Spicant, Crypto- 
gramma crispa, Gymnogrammeleptophylla u.a. Stenobasiphilsind dageg^ndie 
Kalk- und Dolomitfelsen bewohnenden Phyllitis, Adiantum, Cheilanthes 
usw. sowie wahrscheinlich alle Salvinia und Azolla. Stenoneutrophil schei- 
nen mehrere Ophioglossaceen, die meisten Woodsia- und N otkolaena-Aiitn, 
Cystopteris fragilis ®) und vieie Asplenien, darunter die Serpentinfarne ®). 


E. T. Wherry in Amer. Fern Journ. X-XI 1920-22 u. XVII 1927. J. J. Ro- 
BiNOVE and C. D. La Rue in Pap. Michigan Acad. sc. IX 1929. A. Apinis in Acta 
Hortibot. Univ. Latv. VIII-X 1935-36. 

F. Chodat, La concentration en ions hydrogenes du sol. Thdse Geneve 1924. 
F. Ruttner in Tropische Binnengewasser, Suppl. XI z. Arch. f. Hydrob. 1932. 

R. M. Harper in Amer. Fern Journ. IX 1919. L. J. Pessin in Ecology VI 1, 
'1925." , 

E. J. Hill in Fern Bull. IX 1901. E. T. Wherry in Journ. Washington Acad, 
sc. VI. 1916. 

A. Mussack, Untersuchungen uber AagHis. Beih. Bot. Cbl, LI 1932. 

y Sadebeck in Sitzungsber. Ges, f. Bot. Hamburg III 1887. Lammermayr in 
Sitzungsber. Akad. Wien 1926, Mitt. Naturw. Ver. Steiermark LXVII 1930 u. 
Pflanzenareale I 8 1928. SuzA und ZLATNiKin Bull. Acad. sc. Boheme 1928. Messeri 
in N. Giorn. ■ Bot. Ital. XLIII 2, 1936. . : 
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Viele Farngattiingen enthalten sowohl oxj^phile wie iieutropliile iind 
basipliile Arten, so Z.B.: ■ 



oxyphil 

neutrophil 

basiphil 

Ophioglossum : 

arenarium 

vulgatum. 

Engelmannii 

Dryopteris s. 1.: 

Oveopteris, cristata. 
Phegopteris u.a. 

Bra un ii, Goldi an a 

Fill ars i i , Robe rt t a n a 

A splenium : 

septentrionale und 

A diantimi- nigrum, 

R-iita~fnnraria, viride, 

montamim 

cuneifolmm, fallax 

^ Hssum, Seeiosii, u. a. 

Woodsia: 

ilvensis ? 

alpina u.a. 

glabella 

Cryptogramma : 

crisp a u.a. 


Stelleri 

Cystopteris : 


fragilis 

1 regia und montana 


Die beiden Stt^tnim-Asplenien, von denen A. fallax Heufler 1856 == 
adiilterimim Milde 1 865 von den beiden Entdeckern wohl mit Reclit fiir 
I einen Bastard des euryionen A. Trichomanes mit dem basipMlen A. viride 

i gehalten worden ist, wogegen A, cunei folium Viviani 1806 = serpentini 

\ Tausch 1839 von dem subneutrophilen A. Adiantum-nignim abstammt 

; -und nach Zlatnik Serpentinboden von pH 6, 9-7,8 vorzieht, sind nach 

Lammermayr u.a. nicht absolut serpentinstet, sondern konimen anch auf 
Magnesit, Granit und Sandsteinen vor. Die mit ihnen z.B. in Mahren, Steier- 
' , mark, von dessen Serpentinboden Lammermayr 20 Farnarten anftihrt, 

und in Oberitalien oft vergesellschaftete Marantae waciist in 

den Siidalpen hauptsachlich auf neutralem Porphyrschutt. Die Vorliebe 
dieser Fame fur Serpentin diirfte daher in erst er Linie auf der neutralen 
Reaktion der meisten Serpentinboden, in zweiter auf der geringen Konkur- 
» renz durch andere Pflanzen beruhen. 

Obligatorische Halophyten scheint es unter den Pteridopliy ten nicht zu 
geben, da selbst das oft als solcher angefiihrte AcrosticKum auretim der 
Mangroven nach Ruttner u.a. ebenso gut auch in alkalischeni Siisswasser 
(pH 7,3-8,3) gedeiht und auch in der Mangrove nur wenig Salz speichert ^), 
f die ziemlich zahlreichen in Brackwasser gefundenen Isoetes-Aiten durch- 

wegs saures Siisswasser vorziehen und die hyperozeanischen Asplenien (s. 
S. 387.) wohl nicht wegen einer Vorliebe fiir Salzluft, sondern nar wegen 
ihrer Frostempfindiichkeit in Nordeuropa an Strandfelsen gebunden sind. 

Ebensowenig scheint es wirklich dungerliebende Pteridophyten zu geben. 
Die Isoetes-Arten sind streng an ungediingte Boden und oligotrophe Gewas- 
ser gebunden und meiden die eutrophen wohl weniger wegen ihrer. Reak- 
tion als wegen des die Konkurrenz hoherer Hydrophyten f ordernden N ahr- 
stoffgehalts. Die meisten Fame und alle Lycopodien werden durch Bewei- 
^ dung und Diingung rasch vertrieben. Am widerstandsfahigsten sind auch 

hiegegen wie gegen Brande (S. 390) einige Geophyten, wie BotrycMum Luna- 




0 H. Walter r. M. Steiner in Zeitschr. L Bot. XXX, 1936. Vgl. auch S 437. 
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via und Pieridium aquilinmn, die auch in regelmassig gemahtenund bewei- 
deten Wiesen aushaiten konnen. Schwache Beweidung begiinstigt auch 
Dryopteris Filix-mas und spimdosa, Athyrhmi alpestye und die amerikani- 
schen Dennstaedtia pttnciilohda und Hypolepis repens. Mehrere Asple- 
nien, Ceterach, Cystopteris, Cr ypto gramma crisp a gehenim Scliutz von 

Trockenmauern (Fig. 6) iiber ihr 
natiiriiches Areal hinaus und er- 
scheinen daher in manchen Gegen- 
den als mehr oder weniger ,,lie- 
merophirb sind jedoch z.B. gegen 
Rauchgase fast ebenso empfindlich 
wie die meisten Moose undFlechten. 

Wirkliche Kulturlandbewohner 
sind, abgesehen von den Wasser- 
farnen der tropischen Reisf elder, 
nur einige Equisetum-Aiien, vor 
allem E. pahistre (niederdeutsch 
,,Duwock'') und E. arvense, das 
als lastiges Ackerunkraut und Be- 
gleiter von Wegen und Eisenbahnen 
dem Menschen von alien Ft erido- 
phyten am weitesten sowohl in 
Wiistengebiete wie in die Arktis gefolgt ist ^). 


Fig. 6. — Asplenium Trichomanes Sineiner 
Klostermauer in Vianden, Luxemburg. 

Photo VAN Steenis. 


§ 7. Vegetative Vermehrung. — • Vegetative Vermehrung ist beson- 
ders bei starker abgeleiteten Typen sehr verbreitet, sowohl beim Garnet o- 
phyten (Sprossungen langlebiger Prothallien, z.B. hei Anogramma) wie 
beim Sporophyten, bei diesem sowohl durch unterirdische Rhizome, die bei 
Pteridium und Equiseium his fiber 4 m lang werden (Fig. 14), und Wurzel- 
brut (z.B. bei Ophioglossum), wie durch oberirdische Sprossteile. Verbrei- 
tung durch losgeldste Rhizomstiicke spielt namentlich bei helophytischen 
Equiseten eine Rolle ^ ^ ^ ^ ^ 

Rein vegetative Vermehrung durch Bruchblatter niit austreibenden 


q H. J, Lutz in Jourii. of Agricult. Research XLI 7, 1930. 

2) E. Korsmo, Unkrauter im Ackerbau der Neuzeit. Berlin (Springer) 1930. 
Derselbe, Ugressfro. Oslo (Gyldendal) 1935, Wehsarg in Arb. Deutsch, Landw. 
Ges. XXXL 1927, Buchli in Beitr. Geob. Landesaufn. d. Schweiz XIX 1936. Tiber 
die Bekampfung des Buwocks; P. Sorauer in Zeitschr, f. Pflanzenkrankh. VIII 
1898, C. A. Weber in Arb. d. Deutsch. Landw. Ges. LXXII 1902 u. Deutsch. 
Landwirtsch. Presse 1927, G. Stockfleth in 111. Landw. Zeitung XXV 1905. 

R. Sernander, Den skandinaviska vegetationens spridningsbiologi 1901 p. 
170. E. Crosetti e P. Fontana, Sulla disseminazione di una crittogame vascolare 
alpina per mezzo delle correnti d'acqua. Boll. Nat. Siena XXVI 1907. 
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Acliselknospen kommt bei Isoefes vor Verlangerte Blatter mit eiiiwur- 
zelnden Spitzen sind besonders bekannt hei Camptosorm rhizopkyllm (Fig. 
7) und sthinctis, Woodwardia radicans, Biechmim Sodiroi, PolysticJmm 
craspedosorum, i\rten van Asplenhim, Leptochihis, Fadyenia, Trichomanes 
n.a. Bei einzeinen Asplenien die sprossenden Blatter geradezii zn 

Auslaufern. 

Regeimassige Gemmenbildung findet sich bei vielen Tropenfarnen 
(Dryoptens prolifer a, Asplenhim 
vivipanim n.a., bei Hymenophyl- 
laceae und Vittarieae auch an den 
Prothallien) und der nordamerika- 
nischen Cysiopteris bulbifera bei 
PsiloUim^), Lycopodi'um Selago, 
lucidulum, reflexurn u.q.., deren 
Gemmen abgeschleudert werden 
konnen ^). 

Ausnahmsweise Proliferation ist 
aber sehr viel weiter verbreitet 
und steht bei vielen Land- und 
Wasserfarnen ahnlich wie bei den 
viviparen Grasern wohl in ursach- 
lichem Zusammenhang mit den 
viel untersuchten Hemmungen der 
geschlechtlichen Fortpflanzung 
(Apogamie und Aposporie) infolge 
abnorm erhohter Chromosomen- 
zahlen (naheres hieriiber in Kap. 

VI). Fiir die. Fernverbreitung sind 
vielleicht die ,,Dauerbrutknospen’' 
von Bedeutung, die Goebel (Or- 
ganogr. Ill) von dem philippinischen Cheilanthes varians beschreibt. 

§ 8. Sporenausstreuung und Verbreitungsagentien. — Die nor- 
inale Verbreitungseinheit (Diaspore) der meisten Pteridophyten ist die 
Spore und das weitaus wichtigste Verbreitungsagens der Wind (Anemocho- 
rie). Bei den meisten Lycopodien und Farnen scheinen, abgesehen von der 


p K. Goebel, tlber Sprossbildung auf Jsoe/esblattern. Bot. Zeitung XXXVII 
1879. 

2) W. Kupper in Flora XCVI 2, 1906. W. Bally ebenda IC 1909. 
Solms-Laubach in Ann. Jard. bot. Buitenzorg IV 1884. 

Hegelmaier in Bot. Zeitung XXX 48, 1872. J. E. Holloway, Studies in the 
New Zealand.... Lycopodium II. Methods of vegetative propagation. Trans. N. 
Zeal. Inst. XLIX 1917. Goebel, Organographie III (2. Aufl. 1918, 3. 1933). 



Fig. 7. — Camptosovus rhisophyllus, das 
.,wandernde BlatF' (walking leaf) auf 
saurem Boden von Quarz-Glimmerschiefer 
in West- Virginia (Jefferson Co., Keys 
Ferry). — Photo E. T. Wherry. 
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Emporhebung der Sporangien und Sori auf besonders ausgebildeten Spros- 
sen und Blattabschnitten und dem Kohasionsmechanismus des Leptospo- 
rangiaten-Annulus, besondere Ausstreuvorriclitungen zu fehlen i). Die 
meisten sind wohl Ombrohydrochore (Regenschwemmiinge und Regenbab 
listen ^)). 

Wie wirksam die Anemocborie ist, zeigt besonders die Wiederbesiedlung 
von Krakatau ^), wo schon 3 Jahre nach der Katastrophe von 1883 unter 
den ersten Ansiedlern 10 Polypodiaceen waren ; 1897 waren Ophioglossum 
moluccanum und Lycopodium cernuum dazugekommen, 1919 je I Cyathea- 
cee, Hymenophyllacee, Schizaeacee, Marattiacee und Equisetacee. Die Ge- 
samtzahl der Pteridophyten stieg von 1919 bis 1929 von 49 auf 63. Ahnli- 
ches berichten Schimper und Ernst von den Laven des Gunung Guntur auf 
Java, Robyns vom Rumoka in Kongo u.a. Es liandelt sich aber immer um 
Arten der Nachbargebiete. Eigentiiche Kosmopoliten sind unter den Pteri- 
dophyten ebenso sparlich wie unter den Moosen (S. 454). 

Im Gegensatz zu den Lycopodien und meisten Filicineen werden dieSpo- 
ren von Selaginella und Equisetum aktiv ausgeschleudert. Die Stacheln 
der Makro- und Mikrosporen von Selaginella und die Elateren der Equise- 
tum-Spoven begiinstigen das Zusammenhangen mehrerer Sporen und damit 
die Wahrscheinlichkeit des Zusammenwachsen mehrer Prothallien und der 
Befruchtung. 

Als Verbreitungseinheit (Diaspore) dienen in manchen Fallen ganze Spo- 
rangien, hei I soetes Bruchblatter mit den Sori, bei den Marsileaceen die 
Sporokarpien. Bei und den Wasserfarnen iiberwiegt naturgemass 

die Hydrochorie, doch sind bereits auch mehrere Falle von Zoochorie be- 
kannt. Die Sporen dreier amphibischer werden in Siidafrika durch 

Regenwiirmer, vielleicht auch durch eine Schnecke verbreitet ^). Ob das 
haafige Zusammenvorkommen der submersen I soetes mit Salmoniden 
und Gypriniden (z.B. Brachsen) nur auf ahnlichen Anspriichen an den 
Gewassertypus beruht Oder mit Verbreitung durch Fische zusammenhangt,. 


q J. Higgins and C. E. Waters, Ejection of Fern Spores. Asa Gray Bull. V 
1897. 

2) P. MUller, tiber Samenverbreitung durch den Regen. Ber. Schweiz. Bot. 

Ges. XLV 1936. , ' 

3) Treub in Ann. Jard. bot. Buitenzorg VII 1888, PENZiG ebenda XVIII 1902,. 
Docters VAN Leeuwen ebenda XXXI-XXXII 1921-22, A. ERNST in Viertel- 
jahrsschr. Naturf. Ges. Zurich LII 1907 u. LXXIX 1934. S. auch S. 423. 

0 Goebel in Flora LXXXVIII 1901, Neger ebenda CHI 1911. 
q A. V. Duthie, The method of spore dispersal of three South African Species 
of I soetes. Ann. of Botany XLIII 1929. 

®) H. Marcailhou-d’Aymeric, Coexistence des I soetes et des truites dans la 
plupart des lacs de FAriege, des Pyrenees- Orientales et de TAndorre. C. R. Congr. 
soc. sav. 1899. Paris 1900. 
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bleibt welter zu untersuchen, ebenso, ob aiich adnate Fame diirch Tiere 
verbreitet werden ^). 

Die Makrosporen von Marsilia und Pihtlaria bilden einen Scliwimmring 
aiis Gallerte, der wohl nicht nar das ScbMimnieii an der Wasseroberf^aclie, 
gondern auch Transport durch Insekten und Wasservoge^ ermogliclit ^). In 
hiilicner Weise diirften auch die Glochidien der Massulae von AzoUa niclit 
^ar das Zusammenliaften von Makro- und Mikrosporen, sondern auch 
epizoische Verbreitung begunstigen. Das europaische Areal von. Salvinia 
natans zeigt einen deutlichen Zusammenhang mit den wiclitigsten Vogel- 
zugsstrassen ^), und so durfte das zerrissene und unbestandige Areal der 
meisten W asserfarne mit Epizoochorie in Verbindiing st ehen . 

§ 9. Ailgemeine Keimungs- und Wachstumsbedingungen, — Die 

meisten Pteridophytensporen behalten ihre Keimfahigkeit selir lange, viele 
Farnsporen 10-20 Jahre, manche jedoch, wie die chlorophyllreichen Spo- 
ren von Osmtmda, nur wenige Tage. Die meisten Filicineensporen sind auf 
nassem Torf sowohl in gedtapftem Licht, wie (namentlich die der Geophy- 
ten, s. § 5) auch im Dunkeln leicht zur Keimung zu bringen, diejenigen der 
meisten Lycopodien und Equiseten sehr viel schwerer ^). 

Die Sporen der stenooxyphilen Arten (s. § 6) keimen am besten in sehr 
verdiinnten sauren Nahrlosungen, die der subneutrophilen Cystopteris 
fragilis (s. S. 392) am besten in 1-2% Nahrlosung von pH 6,5, die von 
Equisetum arveme in Losungen mit einem osmotischen Druck von 3,5 
Atm. ^). 

Auch die Prothallien der xerophytischen Fame wachsen nur in dauernd 
feuchter Luft und nicht nur die der Wasserfarne konnen auch direkt auf 
Nahrlosung schwimmend kultiviert werden. Die Benetzbarkeit der Sporen 
ist verschieden, z.B. bei den meisten Lycopodien sehr gering, bei i. Selago 
aber gross. 

A) G. E. Mattei, Probabili relazioni biologiche fra Imenofillee ed animalcoli. 
Malpliighia XXXI 1928. 

A. Schultz, Beitrage zur Kenntnis der Entwicklung der Macrogametophyten 
von Pilularia globulif era L. und Marsilia quadrifolia L. Planta XXV 1936. 

A E. Wein, Die Verbreitung der Salvinia natans im sudwevStliclien Europa in 
ihren Bezieliungen zum Vogelzug. Beih. LXI zu Feddes Repert. 1930. 

W; Hofmeister, Vergleich. Enters. 1851, in Flora XXV 1852 u. Pringsh. Jahrb. 
Ill 1863. H. Bruchmann, ttber die Prothallien und Keimpflanzen mehrerer euro- 
paischer Lycopodien, Gotha 1 898 u. in Flora Cl 1910. N. Lagerheim in Arkiv f. 
Bot. VI 1906 u. Svensk Bot. Tidskr. II 3 1908 . AVuist in Bot. Gazette IL 1910. A. 
Laage in Beih. Bot. Col. XXI 1907. H, Fischer ebenda XXVII 1911. G. Elebs 
in Sitz. ber. Akad. Heidelberg 1916-17. W. Nienburg in Ber. Deutsch. Bot. Ges, 
XLII 1924. H. Lasser in Flora CXVII 1924. W. Karpoavicz in Bull. Acad. Polon. 
1927. Die Marburger Dissertationen von W. Dopp 1927, E. Gerhardt 1927, H. 
Waldmann 1928, W. Strey 1931, AV. Schhelzeisen 1932, K. H. Gobel 1935 u.a. 

q R. GiSTLin Ber. Deutsch. Bot. Ges. XLVII 1929. 
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Nicht ntir die perennierenden, mykotrophen Prothaliien der Lycopo- 
diaien und Ophiogiossaceen, sondern auch die autotrophen der Osmuii- 
daceen, von Anogramma u.a. konnen jahreiang vegetieren und sich durch 
Sprossung vermehren, ohne dass es zur Befruchtung und Embryobildung 
kommen muss. Fur die Befruchtung ist immer Wasser, meist Regenwasser 
Oder Tau, erforderlich, Bei den Isosporen erfolgt sie regelmassig auf dem 
Gametoph 5 rten, bei den Heterosporen mit zunehmender Selbstandigkeit, 
bei einigen Selaginellen, wo das stark reduzierte Mikroprothallium frlih 
abstirbt, manchmal schon auf dem Sporophyten ^). 

Die Ansicht Lustners (Diss. Wiesbaden 1898), dass ein Zusammenhang 
zwischen Netzskulptur der Sporen und unterirdischer Keimung bestehe, 
konnte Bruchmann nicht bestatigen. Nach seinen Befunden keimen die 
Sporen mehrerer Lycopodien (z.B. L. annotimmi und clavatum) erst nach 
einigen Jahi'en^), die Prothaliien werden erst nach 12-15 Jahren ge- 
schlechtsreif und bleiben etwa 20 Jahre am Leben. A’uch die Prothaliien 
und Protokorme der Ophiogiossaceen vegetieren rein saprophytisch 
mindesten 8-10 Jahre. Damit stimmen die Beobachtungen finnischer For- 
scher, dass nach Brandrodung Lycopodien erst nach 30-35 Jahren wieder 
erscheinen, die Beobachtungen iiber die Wiederbesiedlung vulkanischer 
Boden (§ 8) und von Gietschern verlassener Moranenboden, wo sowohl he- 
mikryptophytische wie geophytische Polypodiaceen schon nach wenigen 
Jahren (so Phegopteris Dryopteris und Phegopteris am Jostedalsbre nach 
spatestens 7 Jahren wieder erscheinen, wogegen nach meinen Beobach- 
tungen an mehreren Alpengletschern Botrychmm Lunaria erst nach mehr 
als dO und Lycopodium Selago kaum vor 60 Jahren auftaucht, woran neben 
der langen unterirdischen Entwicklung auch die langsame Versauerung 
der anfanglich meist neutral reagierenden Moranenboden schuld sein mag. 

liber das Alter, welches die einzelnen Pteridophyten erreiclien konnen, 
liegen wenig verlassliche Beobachtungen vor. Baumfarne, wie Todea 
bar bar a, erreichen in Kultur ein Alter von mehreren 100 Jahren. Lycopo- 
dien werden sicher mehrere Jahrzehnte, die meisten Hemikryptophyten 
und Geophyten wohl nur einige Jahre ait. Ceratopteris thalictroides und 
Salvinia natans sind meist einjahrig, konnen aber auch mehrjahrig kuF 
tiviert werden. 

IL Synokologies. lat. (=Biocdnotik) 

§ 10. Sociabiiitat und Dispersion. — Die Haufungsweise der Indivi- 
duen einer Art (Sociabilitat) und die Gleichmassigkeit ihrer Verteiiung 


F. Lyon, A study of the sporangia and gametophytes of Selaginella apus and 
rupestris. Bot. Gazette XXXII 1901. 

2 ) Bruchmann in Flora Cl 1910. 

») K. Faegri in Bergens Mus. Aarbok VII 1933. 
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(Dispersion) hangen in erster Linie von den Verbreitungsmitteln (§ 7 und 
8) ab und sind daher ebenso sehr autokologische wie synokologische Ei- 
genschaften. Die grosse Mehrzahl der reinen Anemochoren und im be- 
sonderen die meisten mykotrophen Geophyten zeigen sehr geringe Ge- 
seiligkeit und starke Uberdispersion, sodass z.B. die meisten Ophioglos- 
saceen nur in vereinzelten Individuen oder kleinen Gruppen wachsen. Bei 
den Adnaten, kriechenden Hemikryptophyten und Rhizomgeophyten 
konimt es dagegen durch vegetative x^usbreitung zunaclist zur Bildung 
geschlossener Herden, gelegentlich von Hexenringen ^), dann von grossen, 
mehr oder weniger geschlossenen Vereinen mit deutiicher Unter dispersion, 
so insbesondere bei vielen Waldfarnen und Equiseten, ahnlicli auch bei 
wurzelnden und schwimmenden Wasserfarnen. In der Regel werden nur 
die Gesellschaften dieser mehr geselligen Pteridophyten als eigene Ver- 
eihe bewertet. 

§ 11. Wettbewerb (Competitio), Symbiose und Parasitismus. — 
In Wettbewerb treten die Pteridophytenindividuen nicht nur mit solchen 
der gleiehen Art und anderer Pteridophyten, sondern sehr oft auch mit 
andern Pfianzen der gleiehen Lebensformenklasse,' so Baumfarne mit 
Gymnospermen, Palmen und Dikotylenbaumen, Lycopodien mit Zwerg- 
strauchern, adnate Hymenophyilaceen und Vittarieen mit Moosen und 
Flechten, Equiseten mit Juncaceen und Cyperaceen, Ophioglossaceen mit 
Orchideen, Isoetes mit Litorella, Salviniaceen mit Lemnaceen usw. Viel~ 
fach fiihrt dieser Wettbewerb zu mehr oder weniger gesetzmassigen Ver- 
einigungen. 

Die besonders innigen Vergesellschaft ungen mit Symbiont en und Para- 
siten sind schon in Kap. III~V behandelt. Zur Erganzung seien noch einige 
Falle von Schadigung durch andere Pfianzen angefiihrt: Die chasmophyth 
schen Fame haben nicht nur unter der Konkurrenz von Blutenpflanzen 
zu leiden, sondern werden ebenso wie die adnaten Fame nicht selten von 
adnaten Moosen und besonders Flechten {Diploschisies- und Parmelia- 
Arten) iiberwuchert. Aui Pry opteris Filix-mas und Matteiiccia hshe ich wie- 
derholt Cuscuta enropaea beobachtet. Die kanarisch-westmediterrane 
Orohamhe tfichocalyx soli nach Despreaux uni Pteridium aquilinum 
schmarotzen. 

§ 12. Die Pteridophytenvereine. Vom Devon bis ins Mesophyti- 
kum wurde die gesamte Landvegetation der Erde von grossenteils phane- 
rophytischen Pteridophyten, vom Karboii an auch von Pteridospermen 
und vom Perm an auch von Gymnospermen beherrscht, doch treten spa- 
testens im Verlauf der permokarbonischen Vereisungen der Siidhemi- 


W. N. Clute, Fairy Rings formed by Osmunda. Fern Bull. IX 1901. 
®) Barker, Webb et Berthelot, Phytogr. Canar. Ill 185, 1836-50. 
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spiiare {Glossoptens-Flora) auch schon adnate und hemikryptophytische 
Formen auf. Heiite beherrschen Pteridophyten nur noch ausnahmsweise 
gauze Biozonosen (besonders adnate, chasmophytische und helophytische), 
sondern treten nieist in untergeordneten Vereinen (societies) in von Blii- 
tenptianzen beherrsciiten Soziationen bzw. Konsoziationen auf. Flir 
ihre Klassifikation gilt das im Man. of Bryol. p. 328-336 ausgefuhrte. In 
der folgenden Ubersiclit sind nur Sporophytenmerkmale berucksichtigt. 

1. Oberirdische Bberdauerungsknospen vorhanden . 2. 

1-h. Oberirdische Uberdauerungsknospen (ausgenommen in einigen P'allen 

blattbiirtige Bi'utknospen) fehlen .4. 

2. Mit aufrechtem, oberirdischem Holzstamm (Phanerophyten): Baumfarne (§12) . 

2 -p . Ohne auf rechten Holzstamm 3 . 

3. Oberirdische Achsen windend oder der ganze Stamm einer festen Unterlage 

angedriickt : Lianen- und Adnatenvereine \Z) . 

3 4-. Oberirdische Achsen aufsteigend oder auf meist loser Unterlage kriechend : 

Chamaephytenvereine (§ 14). 

4. tJberdauerungsknospen in der Bodenflache oder zwischen Gesteinsstiicken : 

Hemikvyptophytenveveine (§ 15). 

4- 1-. tiberdauerungsorgane im Boden oder in Wasser (Kryptophyten) ....... .5. 

5. tlbei'dauerungsorgane (Knollen oder Rhizome) ganz im Boden eingesenkt: 

Geophytenveveine (§ 16). 

5- h- tiberdauerungsorgane mindestens periodisch unter Wasser oder schwim- 

m.end : Helo- und Hydrophytenvereine 17). 

§ 13. Baumfarnvereine. — Die meisten Dicksoniaceen und Cyathea- 
ceen der immerfeuchten Regen- und Nebelwalder der sudhemispharischen 
Gebirge bildenoftaus mehreren Arten (s. das Titelbild, Fig. 1, 8 und S. 439) 
best ebende Vei'eine, die wohl zu einer einzigen Vereinigung (federatio) 
Alsophilion zusammengefasst werden konnen und meist mit under en, oft 
doininierenden Phanerophytien, Epixylien (s. § 13) u.a. zu mehrschichtigen 
Soziationen verbunden sind, fiir die auf die Darstellungen Holttums, 
Christs (Geogr. d. Fame) und die dort angegebene Literatur verwiesen 
sei. Mehr ere Arten sind sehr widerstandsfahig gegen Feuer;einzelne ver- 
tragen auch leichten Frost. Einzelne Arten werfen das Laub ab (AZ- 
in Sikkim). Resistentere Arten reichen bis S-Florida ^), 
S~ Japan [Cyathea boninsmensis, AlsopMla acaulis), Kigeniimen [Dick- 

sonia Sellowiancc), Kapland [Hemitelia cafensis) und zu den Chat liam- 
Inseln.. ; 

Mehrere sudhernispharische Blechmtm-kvitxi (besonders Bl. capense und 
Mbulare) bilden mit ihren bis meterhohen Stammen recht euryozische und 
weit verbreitete Vereine, die wohl als Blechnion subantarcticum zusammen- 


0 Underwood in Proc. Ind, Acad. Sc. 1891, Abaxon in Ann. Rep. Smiths. Inst. 
I91 1, Smale in Journ. E. Mit^^ Sc. Soc. XXXV 1920, Dobbie in Amer. Fern 
Journ. XIX 1929. 

0 01-. Masamune, Floristic and geobotanical studies in the island of Yakusima. 
iMem. Taihoku Univ. 1934. 
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gefasst werden koiinen. Das Blechnetum socialis der Anden von Bolivia 
und Ecuador erreicht liber der Waldgrenze 3000-4000 m H5he. 

Eine weitere phanerophytische Vereinigung {Odontosorion) bildeii die 
unbegrenzt fortwacbsenden Stacbelklimmer der vorwiegend westindischen 
Gattung (bramble ferns) ^). 

Ob sich auch unter den alinlich undurchdriiigliche Dickiclite bildenden, 
aber zumeist hemikryptophytischen und geophytischeii Gleichmdeta, die 
Christ sowohl mit den Odontosorieta wie mil den Pteridieta verbindet 
Phanerophytien befinden, ist mir nicht bekannt (s. S, 443) . 



; 'E- ■ 




Fig. 8. ■— Farnwald in der Waiho-Schlucht, Wertland (New Zealand) : links 
^ JJicksonia sp., ci. lanata YSiT, gregalis, in der Lycopodium volubile, rechts 

Blechnum pvocerum und Hemitelia Smithii, yottx Leptopteris superba. 

Photo Teichelmann. 


§ 14. Lianen- und Adnatenvereine. — Die meisten echten Farniianen 
sind rein tropisch, so Stenochlaena palustris [Acrostichum scandens), 
mehrere Dennstaedtia-und Lygodium- Alien, Bleclimim [Salptchlaena) 
volubile, Lathyyopteris madagascariensis u.a. Bis in extratropiscbe Gebiete 
reichen Lygodhmt palmatum ^) and scandens und das neuseelandisclie 
Lycopodmm volubile (Fig. 8). 

Die Adnaten, die meist zu unbestimmt als Epiphyten bezeicbnet wer- 


0 J. MASSARxiiT Bull. Soc. r. Bot. Belg. XXXIV 1905. 

2) Saunders in Fern Bull. VIII-IX 1900-01, Blodgett in Torreya I 1901. 

Manual of Pteridology - 
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den, obgieich vieie von ihnen ebenso gut epipetrisch wachsen, gehoren 
ebenfalis zum weitaus grossten Teil den Tropen und feuchten Subtropen 
an, so die hochst spezialisierten Oleandren, Platycerien, andDrynarien (s. 
S. 429-433 und die klassischen Werke Schimpers, Goebels und Christs), 
ebenso die okologisch den Hymenophyllaceen ahnlichen Vittarioideen i). 
Es scheint auch nur in den Tropen nereidische Fame, d.h. wasserbewoh- 
nende Felshafter, zu geben: einige sudamerikanische und malayische 
Asplenien, P olyp odium pter opus ^), Blechnum Francii und das west- 
afrikanische Elaphoglossum palustre. Die weitaus meisten Adnaten sind 
immergrim. Eine Ausnahme bildet z.B. Davallia canariensis ®). 

In extratropische Gebiete reichen, abgesehen von einigen Gelegenheits- 
epiphyten und Gelegenheitsepipetren (z.B. Selaginellen) nur einige vor- 
wiegend adnate Gattungen von Polypodiaceen und Hymenophyllaceen, 
von denen die meisten sowohl epixyl (epiphytisch) wie epipetrisch wach- 
sen, in den trockenern und kalteren Gebieten meist nur epipetrisch, so 
Cyclophorus lingua (Fig. 2) und. Camptosorus sihiricus in Nordasien, C. 

(Fig. 7) in Nordamerika. 

Von den vielen vorwiegend epiphytisch wachsenden Polypodien, die der 
Lebensform nach grossenteils an der Grenze von Chamaephyten, hemi- 
kryptophytischen Chasmophyten und eigentlichen Adnaten stehen, rei- 
chen nur ganz wenige in extratropische Gebiete, so Poly podium poly po- 
dioides in N.-Amerika bis Pennsylvania, P. lineare in Ostasien bis Japan 
und Ussurigebiet und das dank seiner Vielgestaltigkeit und Euryozie 
fast kosmopolitisch gewordene P. v%ilgare, der weitaus verbreitetste Farn- 
epiphyt der Nordhemisphare ^) . 

Es wachst oft chasmophytisch mit hspiomen, Cystopteris usw. ®), selbst 
geophytisch in sauren Wald- und Heideboden, bildet aber auch einen ei- 
genen, wirklich adnaten Y tr tin Poly podietum vulgaris, der sowohl an 
Baumen wie auf Fds mit Isobryalen- und Stictaceen-Vereinen in Kon- 


1) Goebel in Flora LXXXir 1896 u. N. F. XVII 1924, E. Britton and A. Tay- 
lor in Torrey Bot. Club VIII 3 1902. 

2) Giesenhagen in Flora EXXVI 1892. A. Ernst in Ann. Jard. Buitenzorg VII 
2 1908. 

2) C. Bolle, Standorte der Fame auf den Kanar. Inseln. Zeitschr. Ges. f. Erd- 
kunde Berlin 1863-66. 

Small in Torreya III 1903, R. Harper in Amer. Fern Journ. IX 1919, L. 
Fessin in Ecology VI 1925. 

V. WiTTROCK in Acta Horti Bergiani II 1894, P. Fliche in Bull. Soc. Bot. de 
France XLIX 1902, A. Shadovsky in Trud. Bot. Mus. Petersb. X 1913, D. John- 
son in Bot. Gazette LXXII 1921, R. Benedict in Amer. Fern Journ. XII 1922, 
B. Pettersson in Mem. Soc. FT FI. Fenn. VI 1930 u.a. 

®) E. Wetter, Okologie des Felsflora kalkarmer Gesteine. Jahrb. St. Gall. Na- 
turw. Ges. LV 1918. F. FiRBAsin Beih. Bot. Zentralbl. XL 1924. E. Oberdorfer 
in Mitt. Bad. Landesver. f. Naturk. N, F. Ill 1934. 
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kurrenz tritt und aur niit ahnlichen Vereinen amerikanischer und ostasia- 
tisdier Polypodien vereinigt werden kann. 

Das Areal der wohl ausnalimslos adnaten Hymenopiiyllaceen um- 
schiiesst vollig das der ebenfalls adnaten Vittarioideen iind das der Banm- 
fariie, gelit aber in alien Riclitungen dariiber kinaiis (Fig. 5). Wahrend sie 
in den tropisclien und siidhemispharischen Regen- und Xebelwaldern gros- 
senteils epixyl waclisen, besonders aucli auf Baumfarnen, und zusammen 
mit Vittarioideen und kleirien Polypodien eine Art epiphytischen Trocken- 
torfs („urru” auf Costarica) -) bilden, leben sie im extratropischen Gebiet 
fast ausschliesslich epipetrisch an kalkfreiem, dauernd bergfeuchtem Gestein 


Fig. 9. — Hymenophylhini an senkrechten, schattigen Sandsteinfelsen. 

im Zickzackschluff bei Grundhof, Luxemburg. — Photo van Steenis. 


an vor direktem Sonnenlicht und Frost geschiitzten Orten. Besonders 
weit reiclien Trichomanes speciosum (bis Alabama, Rio de Janeiro, Irland, 
Japan, nochim Pliozan bis Bulgarien), parvulum (bis Japan und Wladi- 
wostok), caespitostmi und flabellahm (S.-Afrika, Maskarenen, Chatham- 
u. Falkland-Inseln), Hymenophyllum hmbridgense (bis vSchottland, Mittel- 
deutscliland, Westitalien und Kroatien, das ahnliclie H. Fomini im Pliozan 
des Kaukasusgebiets), peltatum (bis zu den Faer Oern und S. Georgia) und 


0 Giesenhagen, Die Hymenophyllaceen. Marburg 1890. Holloway, Studies 
in the New Zealand Hywenophyllaceae. Trans. N. Zealand Inst. LIV-L\ ,1923-24. 
2) C. Werckle in Soc. Nac. Agricult. Costaric. S. Jose 1909. S. aiichS. 436. 
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nvitliijidim (bis zii den Auckland-, Campbell- und Antipodeninseln, s. 
Fig'. 5). 

Sowohl H. hmbndgense (Fig. 9) wie H. peltatum (= Wilsonii) sind so 
regelmassig vergesellschaftet mit dem ahnlich, aber noch weiter verbrei- 
teten Lebermoos Diplophyllum albicans, dass sie trotz ihrer Geselligkeit 
mehr als Charakterarten der ozeanischen Fazies des Diplophylletum aU 
hicantis denn als Dominant en eines eigenen Hymenophylletums erscbeinen. 

§ 15. . Chamaephytenvereine. — Abgesehen von den kurzstammigen 
Marattialen, Osmundaceen und Potypodiaceen, welche von den phanero- 
phytischen zu den hemikryptophytischen liberleiten, und den immergrii- 
nen Equiseten, welche von ihren phaneropliytischen Vorfahren zu Geo- 
pliyten und Helophyten fiihren, gehoren hierher nur die Lycopodien, 
Psilotalen und Selaginelien. 


Fig. 10. — Lycopodium annoUnum mit Medeola virginica und Aralia midicaulis in 
einem Tal des illlegany State Park, Cattaranga County, W. New York. 

Photo Laurence E. Hicks. 

V on eigenen LycopoMum-Y^T^mo^ri kann im extratropisehen Gebiet 
kaum gesprochen werden, obgleich mehrere Arten, wie die weit verbrei- 
teten i. annctimm (Fig, 10) und clavahim, oft mehr'ere bedeckende 
Herden bilden. Die weitaus meisten sind mehr oder weniger konstantc 


0 L. V. Heufler in Verh. Zook Bot. Ges. Wien XX 1870; F. Graves in Ann. of 
Scott. Nat. Hist. 1899; G. Rouy in Rev. Bot. syst. I; E. Klein, H.tunbr., Luxem- 
burg 1916; L. Rodway in Proc. R. Soc. Tasmania 1913/14; Morton u. Gams in 
Spelaol. Monogr. V. 1925 p. 188. 
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luid charakteristisclie Bestandteile von Ericaceen-Vereinen, so L. anno- 
tinnni iind complanahim von MyrtiUeta, L. clavatum auch von anderen 
Vaccinieta und Calluneta, L. alpinum von Empeiro-Vaccinieta und Loise- 
leurieta. An bestimmte Baiimarten sind die Lycopodicn ebensowenig ge- 
bunden wie die Waldfarne, wolil aber sind die von ihnen besiedelten Vac- 
ciiiieta iisw. ortiicli an bestimmte Nadelwaldkonsoziationen gebunden, 
sodass sie z.B. als lokale Charakterarten der Fichten-Konsoziation er- 



scheinen. konnenZ. Selago und Incidukmiivtten dank ihrer besonders gros- 
sen okologischen Amplitude in sehr verschiedenen Chamaephytien und 
Hemikryptophytien der Heidewalder, Zwergstrauch- und Grasheiden bis 
zu eigentlichen Schneeboden auf ^). L, mnndatum ist oft mit Andromeda 
polifolia, Oxy coccus und Drosera vergeseilschaftet, meist auf nacktem 
Torf in sauren Grasmooren {Rhynchosporion oder ScheiicJizenon ) . 


— Psilotum triquetrum mit tief in Lava-Kltifte eingesenkten Rhizomen 
auf der Insel Rangitoto (New Zealand), — - Photo L. Cranwell. 


Die Psilotalen [Psilotum und Tmesipteris) wachsen gleich vielen Ly- 
copodien in ihreni tropischen und australiscli-neuseelandischen Haupt- 
areai epiphytisch (besonders auf Cyathea uxidL Dicksonia), daneben aber 
auch an und zwischen Felsen und im extratropischen Gebiet — Psilotum 
triquetrum bis Korea und S.-Japan — vorwiegend an Gestein, wobei sie 
0 T. W. Trail in Ann. Scott. Nat Hist. 1910, 
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mil ihren tief eingesenkten Prothallien und Rhizomen eine Zwischen- 
stelluiig zwischen Chamaephyten, Adnaten und Geophyten einnehmen 
(Fig. 11). 

Die Selaginellen zeigen viel weniger als die Lycopodien Beziehungen zu 
Heiden und Heidewaldern als zu Chasmophytien und selbst Epipetrien. 

Nur die am weitesten nordwarts reichende und am hochsten steigende 
S. Selaginoides (= spimilosa)' regelmassig in basiphilen Zwerg- 
strauch- und Grasheiden (Dryadeta, Cariceta usw.) bis zu Helophytien und 
Schneeboden, meist in vollem Sonnenlicht. Die europaischen S. helveMca 
und denticulata, die ostasiatische S. tamariscina, die nordamerikanische S. 
rupestris XL.di. wachsen vorzugsweise an beschatteten, massigfeuchten Fel- 
sen von neutraler bis alkalischer Reaktion und treten dabei weniger mit 
andern Gefasspflanzen (am haufigsten mit Asplenien und Crassulaceen) als 
mit Moosen [Distichium, Ditrichum, Fissidens u.a.) und Flechten (be- 
senders Cladonia) in Konkurrenz. Das Selaginelletum lielveticae , das ich 
aus dem Wallis beschrieben habe ^), geht in sekundaren Fragmenten einer- 
seits auf Felsfiachen, andrerseits auf Alluvionen iiber. 

§ 16. Hemikryptophytia. — Hiezu die mehr oder weniger streng an 
Feisspalten gebundenen Chasmophytia, die ohne scharfe Grenze einerseits 
in die Farnwiesen, andrerseits in Geophytien iibergehen. Unter den Chas- 
mophytien sind vieie Arten von Asplenium liber weite Gebiete so konstant 
und charakteristisch, dass ich die alpinen Chasmophytia 1927 als ^ 5 - 
plenion zusamniengefasst habe, Braun-Blanquet bXs A splenietales 
nipestres. T)it von ihm und H. Meier gegebene Gliederung, welche auch 
chamaephytische Chasmophytia umfasst, ist jedoch wenig natiirlich. 

Nach den Anspriichen an die Bodenreaktion, Warme und Feuchtigkeit 
ergeben sich folgende dkologische Reihen: 

(Geophytische W oodsieta (laikio-- Asphnion viridis 

Crypiogrammeta) therm) (mikrotherm- 

I ' j hygrophil) 

Oxyphiler Verband— Subneutrophiler — Basiphzler Verband— - PhylUteta und. 
der Asplenieta sep- Verband derCys/o^- der Asplenieta Ru- Adiantetum capillP 
tenU'ionalis, lanceO’ terideta fragilis tae-muranae Veneris 

lati u. montani 

I 

(Xerogeophytische 

Anogrammeta) 

(Geophytische — {Cheilantheta und Asplenieta 

N otholaeneta) Pellaeeta) glandulosi 


0 A. A. Lawson in Trans. R. Soc. Edinb. LI/LII 1917, J. E. EIolloway in 
Trans. New Zeal. Inst. LI 1918 u. LIII 1921, 

0 Gams in Beitr. z. geobot. Landesanfn. d. Schweiz XV 1927 p. 554/5. 

0 H. Meier et J. Braun-Blanquet, Classe Asplenietales rupestres. Prodome 
des Groupements veg^taux II 1934. ■ * 
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Die 3 Hauptverbande umfassen eine grossere Zahl von Unionen, so der 
oxvpliiie die eurasiatisclien jLsplenieia septentnonali s mit dem Saxifrage- 
tmn mixtae der P^Tenaen, dem Phyieimtetum serraii Korsikas, dem Pri- 
muletum hirsutae der Westalpen usw., die atlantisch-westmediterranen 
Asplenieia lanceolati mit Cheilanthes pteridioides , ' AntirrMniim asarina 
iisw. und das nordamerikanische 

Der subneutrophile Verband der Cystopierideia fragiUs umfasst mehrere 
trotz ilirer z.T. fast kosmopolitischen Verbreitnng bisher verkannte 
Unionen mit melireren Nebenreihen, so vor aliem die Union der Cystop- 
teris fragilis (besonders oft mit Asplenmm Trichomanes und Crassiilaceen, 
in Amerika auch mit Pellaea- 
Arten), der mikrothermen 
alpina und ilvensis, die ich entge- 
gen melireren Literaturangaben in 
den Alpen wie in Skandinavien 
nur auf scliwach saurem Gestein 
gesehen babe, des starker xerother- 
men Ceterach officinanm'^), der 
Serpentin-Asplenien (s. § 6), der 
mit diesen oft vergesellschafteten, 
aber auch einen eigenen, mehr geo- 
phytischen Verein bildenden 
Notholaena Marantae und der iib- 
rigen xeromorphen Notholaena-, 

Cheilanthes- und Pellaea-hxien 
(Fig. 4 und 12). 

Der basiphile Verband der As- 
plenieta Rufae-murariae umfasst eine grosse Zahl von namentlich in den 
Mittelmeerlandern sehr artenreichen, nach Norden rasch verarmenden 
Vereinen, ^ie die Potentilleta catdescentis und Clnsianae, die vorwiegend 
westmediterranen Asplenieta fontani, an die sich die starker xerothermen 
A, glandulosi^) Simchliesseii, das Asplenietmn Seelosii der Dolomiten 
und die illyrisch-ostaipinen Asplenieta fissi ®). Dem mehr mikrotliermen 
und hygrophilcn Verband viridis, der viel weiter nordwarts 


1) L. Dessalle et a. Reynier in Bull. Soc. Sc. d. Basses- Alpes XIX (1919) 
1920. 

2) F. L. Pickett in Bull. Torrey Bot. Club L 1923, LIII 1926 u. Amer. Fern 
Journ. XXI 1931. 

2) R, Molinier, Etudes phytosocioiogiques et ecologiques en Provence occiden- 
tale. Ann. Mus. d’Hist. nat. Marseille XXVII (1934) 1935. 

^) L. Diels, Einige Bemerkungen zur Okologie des Asplenium Seelosii Leyb. 
Verb. Bot. Ver. Prov. Brandenb, LVI 1914. 

®) Horvat, Vegetationsstudien in den Kroatischen Alpen II. Bull. Acad. Yougo- 
sl. XXV 1931 ; MARZELLin Jahrb. d. Ver. z. Schutz d. Alpenpfl. VI 1934. 



Fig. 12. — Standorte der e-xtrem 

xerophytischen Fame Pellaea atro- 
purpurea und glabella, Cheilanthes Feei 
und Notholaena dealhata in der sonst 
farnfreien Prairie von Minneapolis (Kan- 
sas) an Sandsteinblocken. 

Photo J. H. SCHAFFNER. 
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reiclit unci hoher steigt, gehoren u.a. Cystopteris Montana und regia und 
Woodsia glabella an. Sehr viel frostempfindlicher sind dagegen die Phyl- 
liteta und daa vorwiegend schattige, triefende Tuffstellen (stillicidia) 
bekieidende, aber auch recht diirreresistente Zwergformen ausbildende 
Adiantetum capilli-Veneris ^). 

Die Asplenieta septentnonalis, Trichomanis, Rutae-murariae usw. be- 
siedeln in durchwegs stark verarmten Fragnienten oft Trockenmauern 
(Fig, 6). 

Alnilich wie die europaischen Asplenium-, Phyllitis- und AdianUim- 
i\rten besonclers tief in Hohlen eindringen (s. §5),ist dies auch in amerika- 
nischen Hohlen der Fall ^), so auf Masatierra ®): Blechnuin auriculatum,' 
Dryopteris inaequalifolia, Histiopteris incisa, Hypolepis rugulosa u.a. 

An die mehr oder weniger streng chasmophytischen Asplenieta usw. 
schliessen sich zunachst solche Farnvereine an, die sowohl chasmophy- 
tiseh, wie als Bewohner von Wald- und Heideboden wachsen: das weitver- 
hvtittit Asplenhm Adiantum-nigrum mit seiner Waldsteppen bewohnen- 
den Serpentinrasse ameifolium, Phyllitis S colop endr him, das amerikanisch- 
Adiantim pedatum wciA vor aliem die zumeist immergriinen 
Polystichum-Kiitn, die wohlin mehrere Verbande zusammenzufassen sind. 
Auf der Siidhemisphare besonders weit verbreitet ist das Polystichetunv 
capensis, Besonders viele Arten hat Sudostasien, wo mehrere Art en bis 
zur Schneegrenze steigen (P. Duthiei im Himalaya bis ca. 5700 m). Nur 
wenige (P. lonchitis, lobatum, angular e = setiferum und das oft, aber nicht 
immer sommergrune Braunii) reichen nach Sibirien und Europa, wo sie 
immer noch fragmentarische, sehr hoch steigende Vereine bilden (P. 
lonchitis d.ni den Alpen bis 2610, am Tianschan bis 2750 m), ahnlich P. 
lonchitis, scopulorum und acrostichoides in lA.-Ameiikd.. 

An diese immergriinen Vereine schliessen sich als Ausstrahlung eines 
anderen immergriinen Verbandes der Sudhemisphare das frostempfind- 
liche, oxyphile, meist mit Myrtilleta und Piceeta verhundme Blechnehim 
Spicantis ®) und diegrosse Federation der sommergriinen Waldfarne (Farn- 
wiesen, Christs ^Formation der bodenstandigen strunklosen Fame”) oder 
das Athyrion an. Seine Vereine bilden bkologische Reihen, die von den vor- 


0 F Morton in Osterr. Bot. Zeitschr. LXIV 1914 nnd LXXV 1925. V. Vouk 
ibidem LXV/LXVI 1915/16. G, Lusina in Ann. di Bot. XV 1920. 

2) E. Hofmann u. Morton in Bot. Archiv XXIV 1929. 

A W. West, Mural Ecology. Journ. of Bot. XLIX 1911. 

S. Price, Some Ferns of the Cave Region of Stone County, Miss. Fern Bull. 
XII 1904. R. Harper, The Fern grottoes of Citrus County, Florida. Amer. Fern. 
Journ.:' VI 4916. , . , ■ 

C. Skottsberg, Notes on the Vegetation in the Cumberland Bay Caves, Masa-* 
tierra, Jtiah Fernandez Isles. Ecology XVI 1 935. 

A. Palmgren in Mem. Soc. pro' Fauna et Flora Fenn. VII 1932, J. Holmboe in 
Avh. ■Norsk.'Vid.'Akad, IX''1937. '-y, - ' v 
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genaniiten immergriinen Hemikryptophytien iiber sommergriine Hemi- 
kryptophytien zu Geophytien fiihren und regelmassig mit Vereinen an- 
giospermer Hochstauden (Aconiteta, x\deno3tyleta ii.a.).-iind Hochgraser 
(Calamagrosteta) in Wettbewerbtretenundmit diesenzusammen Bestand- 
teile von Laub-iindNadelwaldkonsoziationen („Farn-T 3 ^pen’' derFinnen^)) 
bilden, oline docli enger an bestimmte Waldbaume gebundeii zu sein. 

Die grosste okologische Amplitude und die weiteste Verbreitung im gan- 
zen holarktischen Waldgebiet haben die in den Waldern vom ^Farnt^-^p’' 
oft vergeselischafteten Athyrium Filix-femma, Dry opt er is Filix-mas und 
spinulosa s. lat., kleinere die mikrothermen Dryopteris fragrans und Mat- 
teiiccia Struthiopteris, die nordamerikanisch-ostasiatischen Onoclea sensibilis 
und Osmtmda Claytoniana, die nordamerikanischen Dryopteris novehora- 
censis und marginalis, Athyrium thely pier aides, Dennstaedtia punctilohula 
u.a., die kaukasischen Dr. oreades, Raddeanau.di.Die Mattetwcia-, Onoclea- 
und Art en bilden starker hygrophiie bis heioph^disclie Vereine; 

Dryopteris spinulosa, fragrans und barbigera und Athyrium alpesire subark- 
tisch-subalpine Vereine, die besonders in Krummholz-Konsoziationen auf- 
treteii und im Schutz von Blocken und Schneegruben^)weit fiber die Wald- 
grenze st eigen. 

Als stenooxyphile Vereine von geringerer Verbreitung seien noch die der 
Dryopteris Oreopteris (oft mit Nardeta und Pteridieta) und der ahnlicb wie 
Blechmmi Spicant in der Holarktis ganz isoliert dastehenden, sowohl auf 
saurem Sand wiein Sphagneta wacbsenden Schizaea pusilla (curly grass der 
nordamerikanischen Pine barrens ^)) genannt. 

§ 17. Geophytenvereine. — Die Geophytia umfassen unmittelbar an 
die Chasmophytia anschliessende Schuttvereine (Lithophytia) und die 
Vereine der Wald-, Heide- und Wiesenboden besiedelnden aiitotrophen 
Rhizomgeoph^den und mykotrophen Knollengeophyten. Schuttstrecker 
im Sinne ScHROETERS sind die in § \S Notholaena Marantae, 

Dryopteris Villarsii und Cystopteris regia A&r Kalkalpen und vor allem die 
Cryptogramma {= AllosorusyAiten der Hochgebirge: die oxyphile, meist 
sehr artenarme Gerollvereine bildende Cr . crispa mit ihren Verwandten; 
wie der in N.-Amerika z.B. mil Cy stop teris fragilis, Pellaea Bndgesii, dema 
Breweri YeTgQSt\\scl[iziieien Cr. acrosiichoides (Fig. 13) und die basi- 


0 A. K. Cajander in Acta forest, fenn. I 1909 u. XX 1921; Y. Ilvessalo 
ibidem XXXIV 1929; V. Kujala in Gomm. Inst, quaest. forest. Finl. X 1926 u. 
XXII 1936.,., . ,', ' 

0 ,,AllosoretoMthyvion alpBstn^^^ bei R, NoRDHAGENin'Bergens Mus. Aarbok 1936. 
0 C. Saunders in Linnean Fern Bull, IV 1896; E. Britton ibidem IV 1896, 
Bull. Torrey Bot. Club XXVIII 1901, Plant World IV 1901; R. Benedict in 
Amer. Fern Journ. Ill 1913. 

0 C. Schroter, Das Pflanzenleben der Alpen, Zurich 1908, 2 Aufl. 1926 p. 709. 
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phile, im Himalaya bis 5500 m steigende Cr. Stelleri, Diese leitet mit ihren 
im Gegensatz zu den vorigen nicht aufsteigenden, sondern horizontal 
kriechendcn Rhizomen zu den Schuttwanderen tiber, deren Hauptver- 

treter die ebenfalls basiphile Dry- 
opteris {Gymnocarpium) Roberti- 
ana ist. In den Kalkalpen ist sie 
meist mit Rumex scutatus, Moeh- 
ringia muscosa, Valeriana mon^ 
tana und Petasites niveus vergesell- 
schaftet ^). 

An diese Roliboden-Geophytien 
schliessen sich die autotrophen 
Geophytien der Humusboden an, 
zunachst die der nachstverwand- 
ten Dryopteris Linnaeana = Phe- 
gopteris Dryopteris und ihrer 
asiatischen Verwandten {Dr, oya- 
mensis und remota). Erstere Art 
ist keineswegs, wie der zunachst 
nur diese Art bezeichnende Name 
Dryopteris (Eichenfarn) besagt, an Eichenwalder gebunden, sondern 
wachst, meist mit Hylocomieta und Myrtilleta, in sehr verschiedenen 
Laub- und Nadelwaldern, in denen ein besonderer ^Dryopteris-Typ'’ un- 
terschieden wird, sowie zwischen Blocken bis iiber die Waldgrenze ®). 

Noch weniger an bestimmte Walder gebunden ist die stenoxyphile, h§.u- 
fig auch auf sauren Rohboden und trotz ihrem Namen nur ausnahmswei- 
se auch unter Buchen wachsende (= Phegopteris 

polypodioides) uxid die mit ihr in N.-Amerika oft vergesellschaftete Dr, 
{Phegopteris) hexagomptera. 

iihnlich euryion wie iOr. Linnaeana {s. 392), aber zufoige der meist tiefer 
(5”20 cm tief) liegenden, bis iiber 4 m laiigen, sehr derben Rhizome (Fig. 
14) viel widerstandsfahiger ist das kosmopolitische Pieridium aquilinum 
(= Pteris aquilina), das keineswegs nur trockene bis massig feuchte, 
nicht Oder wenig beschattete Humasbdden, sondern auch sehr verschieden- 
artige mineralische Bdden besiedelt und namentlich auf brandgerodeten 
Flachen sehr grosse Ausdehnung erlangt, ebensogut in den tropischen 
Alang-Alang-Wiesen {Imperatetum cylindricae) und Gleichenia-Heiden 


Fig. 13. — ■ Cvyptogramma acrostichoides 
im kalifornischen Gebirge, ca 3000 m. 

Photo E. Smith. 


0 vSiehe Note 4 Seite 409. /, 

0 H. Jenny, Vegetationsbedingungen und Pfianzenge.seiischaften auf Fels- 
schutt. Beih. Bot. Cbl. XLVI 1930. 

0 Prescott in Fern Bull. XIX 1911; A. K. Cajander in Acta forest, fenn. 
XX 1921; V. Kujala in Comm; Inst, forest, Finl. X 1926; C. Malmstrom u. K. 
Lundblad in vSkogsfdrsoksanst. Exkurs. led. XI/XII 1926/27; R. Ching in Con- 
trib. Biol. Labor, Sc. Soc. China IX 1933. 
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(in Ostasien u.a. mit Osmunda japonica und Boirychmm 

wie in den verschiedensten Laub- und Nadelwaldern (besonders Ouerceta, 

Castaneeta, Pineta und Junipereta), Ericaceen- und Ginsterheiden^). 

Ziir Bekampfung des in manchen Weidegebieten (W.-Europa, Austra- 
lien, Neuseeland u.a.) zu einem lastigen W^eideunkrauc gewordenen 
Ptcridiii-ni sind besondere Mahmaschinen gebaut worden “). 



Fig. 14. — Pteridium aquilinum in einem finnischen Hainwald mit Mihitm, 
Aegopodium, Geranium silvaticum, Oxalis usw. — Nach V. Kujala 1926. 


Viele Analogien mit diesen Polypodiaceenvereinen iiaben die Equiseteta. 
Das hygrophil-oxyphile Eqtiisehmi silvaticum wachst oft mit Dryopteri- 
deta in versumpfenden Waldern. E. hiemale und maximum tvachsen be- 
sonders in Laubwaldern mit Polysticheta und Canceta\ E, pratense und 
arvense ahnlich wie Pteridium und oft mit ihm zusammen in verschiedenen 
Waldern und Heiden, sowie apophytisch als Ruderalpflanzen, Die librigen 
sind vorwiegend Helophyten, dock vermdgen einige, wie E. palustre und 
ramosissimum, auch oberflachlich selir trockene Standorte zu besiedeln. 

1) J. Vallot ill Rev. gen. de Bot. 1896; Gillot et Durafour in Bull. Soc. Nat. 
Ain 1904; L. A. Boodle in Journ. Linn. Soc. XXXV 1904; T. W. Woodhead, Diss. 
Zurich 1906; M. Busgen in Zeitschr. f. Forst- u. Jagdwesen 1915; F. Chodat, 
These Geneve 1924; V. Kujala in Comm. Inst, forest. Finl. X 1926; Th. Bieler in 
C. R. Acad. Paris CLXXXV 1927; C. E. Angst in Publ. Puget Sound Biol. Stat. V 
1927; H. Lutz in Yale School Forest. Bull. XXXVIII 1934; H. Conard in Amer. 
Midi. Natur. XVI 1935 u.a. 

2) N. Brit. Agriculturist LXXXVIII 1936, Scott. Farmer XLIV 1936, Nature 
24. X 1936. 

®) A. Maillefer in Bull. Soc. Vaud. sc. nat, LVIII 1934. 
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Eine Zwischenstellung zwischen Hemikryptophyten, Geophyten iind 
Therophyten nimmt Anogmmma {Gymnogramme) leptophylla ein (s. Goe- 
bels S. 386genannte Dissertation). In den winter feuchtenSubtr open wacbst 
sie geseliig anf im Winter feuchten, im Sommer diirren Wald- und Feis- 
b5den, an ihrer Nordgrenze in den Sud- und Zentralalpen nur in dauernd 
frostfreien Feisldiiften mit Ceterach, Asplenien und wintergriinen Moosen 
[Timmiella, Targionia, Sphaerocarpus u.a. ^)). 

Die Ophioglossaceen bilden im 
Gegensatz zu den autotrophen Rhi- 
zomgeophyten meist keine selb- 
standigen Vereine, sind aber auch 
wie die ebenfalls mykotrophen Or- 
chideen, mit denen sie oft zusam- 
men wachsen, von der iibrigen 
Vegetation sehr wenig abhangig. 
Nacli Christ „wimmeln sie derart 
universell und zerstreut iiber die 
ganze Erde bin, dass kaum ein 
Punkt zu finden sein diirfte, wo 
nicht eine oder mehrere Formen 
vorkommen''; aber dennoch sind 
die meisten sehr wenig geseliig. So 
habe ich das von alien am weitesten 
verbreitete Botrychium Lunaria in 
den verschiedensten Wiesengesell- 
schaften von der Festuca vallesiaca- 
Steppe bis zu regelmassig gemahten 
und beweideten und Tri- 

s^/^m-Wiesen (dort die bis 30 cm 
hohe f. fohishm Schur, meist mit Orchis- Alien zusammen) und bis in die 
hochalpinen Elyneta (f. namm Christ, oit mit Nigritella) gesehen. 

Wesentlich geselliger scheint nur das von seinem nordamerikanischen 
Hauptareal bis Brasilien und Eurasien ausstrahlende B:virgmimum zu 
sein, das in nordamerikanischen Laubwaldern recht hohe Frequenz erreicht , 
so in einem von Cain in Indiana untersuchten Urwald mit 76% die 
hochste der dortigen Fame. Auch im Ostbaltikum wachst es geseliig in 
Laubwaldern, besonders auf Schlagflachen ®). 

Die meisten iibrigen Botryehien wachsen ahnlich wie B. Lunaria ganz 


h Milde in Bot. in Bull. Soc. Murith. XXXIX 1916, 

SpelaoL Monogr. V 1925 u. Beitr. Geobot. Landesaufn. XV 1927. 
q Sx. A. Cain in Amer. Midland Nat. XV 5 1934. 

3) N., Malta, Zur Verbreitung der Gattungen Ophioglossiim und Botrychium in 
Lettland. Acta Horti Bot. Univ. Latv. Ill 1928. 



Fig. 15. — Botrychium onondagense Und. 
in der Nadelstreu eines T/z.M/a-Bergwalds 
bei Quebec in Kanada. — Photo Mousle y. 
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vereinzelt in Waldern (Fig, 1 5) und haufiger in voli besonnten Mager- 
wieseii, oft an recht iingewohnlichen Standorten ^). 

Die ^^tiniverselle und dabei ganz lokale, stets auf weite Zwisclienrau- 
me getrennte Verbreitung bei einer mierschopf lichen, mi nimalen Variation'" 
der Ophioglossuni-Aiten nennt Christ „das grosste Ratsel in der Geogra- 
pliie der Fame"". Das von alien iVrten auf der Nordhemisphare am weites- 
ten verbreitete 0. vulgatmn ist entschieden neutrophil und wachst daher 
am haufigsten in neutralen Sumpfwiesen (in Mitteleuropa besonders in 
Molinio-Phragmiteta mit Colchimmi und Orchideen), doch habe ich es auch 
in trockenen East anien waldern und im Uberschwemmungsgurtel von Voral- 
penseen gefunden, Skuja auf einem Brachacker. Die Bodenanspruche 
der nordamerikanischen Arten behandeln Benedict und Wherry Das 
von Komarov von Thermen am Vulkan Uzon auf Kamtschatka beschrie- 
beneO. wachst auf war mem, tonigem Kalkboden. 

§ 18. Helo- und Hydrophytenvereine. — Sowohl die vorwiegencl 
chamaephytischen Lycopodialen (s. § 1 4), wie teils phanero-bis hemikrypto- 
phytische [Gleichenia, Schizaea^ Woodwardia, Dryopteris u.a.) und geophyti- 
sche Farngattungen [Thelypteris) enthalten mehr oder weniger streng an 
das Sumpfleben angepasste Helophyten. Wahrend die Osnmnda- Arten 
(Fig. S und \ 6), Schizaea ptisilla, Woodwardia {Lorinseria) areolata u.d.. in 
\ erster Linie Waldpflanzen sind, die aber doch oft in Mooren, namentlich 

' Sphagnum-Mooren wachsen, ist Woodwardia (Anchistea) vtrginica bereits 

! eine eigentliche Sumpfpflanze, die z.B. in den nassen Mooren von Bailey 

Pont in Connecticut mit ihren Rhizomen ausgedehnte, teils untergetauch- 
te, teils flutende Matt en bildet ®). 

Der am weitesten verbreitete Sumpffarn ist Thelypteris paiustris (= *4s- 
pidium Oder Dryopteris Thelypteris), die sowohl auf der Nord-, wie auf der 
Slidhemisphare vorzugsweise nasse Schwingmoore mit schwach saurer 
Reaktion bewohnt, regelmassig mit Carices und Eriophora, in 

N.-Amerika besonders auch mit Woodwardia virginica, Scirpus america- 

■ J. H. ScHAFFNER in Ohio Natur. X 1909, E. J. Winslow in Am, Fern Journ. 

‘ IV 1914, D. L. Button in Fern Bull. XVIII 1920. 

2} \V. N. Clute in Fern Bull. IX 1901, R. C. Benedict in Am. Fern Journ. IV 
^ 1914, Benedict, Shelps and Wheeler ibidem V 1915, E. T. Wherry ibidem XI 

1921, G. Chanveaud in Bull. Soc, Bot. de France LV 1908, A. Giugni-Polonia 
in Verb. Schweiz, Naturf. Ges. 1914, W.: Koch in Jahrb. St. Gall. Naturw. Ges. 
LXI (1925) 1926. 

i 2 ) sieh Seite 412 Note 3. 

■h Sieh Note 1 Seite 392. 

: W. L. Komarov in Feddes Repert. XIII 1914 u. Flora Kamtsch. I 1927. 

S. Power, Floating Islands. Bull. Geogr, Soc. Philadelphia XII 1914. 
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mis. Hypericum-Aittn und Eupatornm perfoUatum'^). Ahnlich verhalteii 
sich Dryopteris cristata und dietropische Dr. gongylodes. 



p-rp OsmuTidci ci'yi'ymwofHsci ill Sphagnum-Moor, Cranberry Island, Buckeye 

Take” Licking County, Ohio. Im Vordergrund Oxycoccus macrocarpus, zu 
beiden Seiten Buschs von Toxicodendron vernix. — Photo John H. Schaffner. 



Fig, 17. — ' Equisetum praealtum “R-ed. == 
hiemale var. affin& an eineni Bachufer. 
Columbus, Ohio. NachstF, arvense diit in 
denoestlichen Verein. Staaten verbreitet- 
ste Art. — Photo John H. Schaffner. 


Die helophytischen Equiseta bil- 
den 3 okologische Gruppen : die ge-* 
schlossene Sumpfwiesen (Cariceta, 
Junceta usw.) bewohnenden E. pa~ 
lustre, raniosissimum usw., die 
vorzugsweise Mineralboden an 
fliessenden Gewassern besiedeln- 
den und bis ins Hochgebirge und 
in die x\rktis vorgedrungenen E. 
variegatum und scirpoides (ahnlich 
verhalten sich auch das vorzug.s- 
weise waldbewohnende und in 
Auenwaldern besonders haufige 
E, hiemale und seine Verwandten 
in N.-Amerika und Asien, Fig. 17) 
und das weit in stehende und 
fliessende Gewasser vordringende 
E. limosum (= E, heleocharis und 


M. L. Fernald, a Study of Thelypteris palustvis. Contrib. Gray Herb. Har- 
vard Univ. 1929. H. Conard in Amer. Midland Naturalist XVI 1935. 
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jlmiatile) , allein oder mit PhragmiteSy Schoenoplectm- undC«rfc"A~Arteii 
ausgedehnte, torfbildende Bestande bildet. Einige vorwiegend an perio- 
disch iiberschwemmten Orten wachsende Eqmseta (E. Utofaky Moorei, 
u.a.) sind wohl bybridogen 1). 

Die Isoetaceen und Marsileaceen bilden okologische Reiheii, welche von 
nur vorlibergeliend libers chwemmten Geoph^^ten iiber Amphiphyteii zii 
dauernd submersen Arten oligotropher Gewasser fiihren. Die hoetes-Kxten 
teilte bereits A. Braun in Terrestria (/. hystrix, Diiriei ii.a.), Amphibia 
(viele Arten besonders in den westlichen Mittelmeerlandern, S.-Afrika und 
N.-Amerika, so I. Dodgei und Engelmannii, Fig. 18) und Aquatica {Lla- 
C'ustre, ecMnosporum und Verwandte). Yon den terrestrischen und amphibi- 
schen Vereinen, die sich nicht scharf trennen lassen, beschreib en Braun™ 
Blanquet und Moor aus N.-Afrika die von /. hystrix mit J uncus capitatus 
und Cicendiaundvonl. adspersurnTmiMarsiliapiihescensvindNitella capiteh 
lata] aus S.-Franki'eich die von J. 
setaceum mit Marsilia pubescens, 

Pilularia minuta und Juncus pyg- 
maeus und von /. Duriei mit Jun- 
cus capitatus und Air a capillaris. 

Den meisten Vereinen des westme- 
diterranen ^^Isoetion'" gemeinsam 
sind u.a. Riccia-Aitoxiy Juncus 
bufonius, Lythrum hyssopifolium 
und Mentha pidegium, welche zu- 
sammen mit Marsilia strigosa auch 
in den ostlichen Mittelmeerlandern 
und bis in die Kaspi-Niederung 
ganz Minliche Vereine bilden . Al- 
len diesen Vereinen und auch denen 
anderer Marsileaceen und der sub- 
mersen gemeinsam ist, dass 
sie Welches Wasser vorziehen und 
wohl schwachen Chlorid-, aber 
keinen hoheren Karbonatgehalt 
vertragen. Die siidhemispharischen 
Arten wachsenu.a. mit Ophioglos- 
sum-, Eriocaulon- und Aym- Arten 

q O. Holmberg in Bot. Notiser 1920, G. Samuelsson in Vierteljahrsschr. Nat. 
Ges. Zurich LXVII 1922, A. Becherer in Candollea IV 1929, J. Kummerle in 
Mag. Bot. Lap. XXX 1931. 

q J. Braun-Blanquet, Un joyaii floristique et pliytosociologiqiie ,,UIsoetion 
mediterraneen. Comm. S. I. G. M. A. XLII 1936. M. Moor, Zui Soziologie der 
Isoetalia. Beitr. z. geobot. Londesaufn. -d. Schweiz XX 1936 u. Prodr. d. Pflges. 
4, 1937. 

H. Gluck, Biol, u, morph. XJnters. Ill 1911 u. in Beih. Bot. Cbl, XXXIX 
' 1923. B. Keller, F. Leisle u.a. in Rastiteluost Kasp. Nismennosti I 1936. 



Fig. 18. — Isoetes Engelmannii A. Br., 
North Carolina, Haywood Co. 

Photo H. C. Blomquist. 
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zusamnien, so L Welwitschii im Hochland von Benguella. Ahnlich verhait 
sich s^uch PhylloglossumDrummondu. Die Sporokarpien vieler Marsilia- 
Arten (bei M. hirsuta auch Rhizomknollchen) und die Rhizomknollen 
vieler Isoeten vertragen langdauernde Austrocknung ; so konnte Durieu 
Knolien von L Duriei, hystrix und seiaceum nach 2-6 und Wittrogk 
solche des mexikanischen L Pringlei nochnach 1 1 Jahren zum Austreiben 
bringeiiA). Diese ephemeren, amphibischen Geopliyten gehoren daher zu 
den am weitesten in die Wiisten Afrikas, Asiens und Australiens vordrin- 
genden Pteridophyten. 

Im Gegensatz zu diesen dmxexesistenten I soeto-Marsileeta zeigen die 
Pilularia-hitm und die dauernd submersen eine vorwiegend ozeani- 
sche Verbreitung ^). Hire Vereine konnen als Isoeto-LitorelUon zusammenge- 
fasst werden, da die europaischen I, lacustre und echimsporum ebenso 
regelmassig mit Litorella lacustris, wie die nordamerikanischen Arten mit 
L, americana und das sudamerikanische I , Smatieri mit L, mtstralis verge- 
sellschaftet sind; Alle wachsen am haufigsten auf sandigem Boden in sau- 
rem Wasser von pH 4,5-6, 8 (ebenso die sie regelmassig begleitenden Lobe- 
lia Dortmanna uxid Elatine-Axim), doch ertragen sowohl I. lacmtre und 
echinosporum wie I. macrosporum auch neutrale bis alkalische Reaktion 
und gehen bis ins Brackwasser, ahnlich auch die nordamerikanischen I. 
ripanum und saccharatum, welches z.B. am Wicomico River in Maryland 
mit Tillaea aquatica und Sagittaria suhulata zusammen wachst ^) . 

Wahrend die europaische Piltdana globulifera, die ebenfalls dem /soe/o- 
Litorellion angehort, weniger hoch steigt und nordwarts reicht als die bis 
zum Nordkap reichenden Isoeies-Axtexi, erreicht P. Mandoni auf den boli- 
'vianischen Anden 5000 m Hohe. Isoetes hypsophilum hat Handel- 
Mazzetti aus einem westchinesischen Gebirgssee im 3600 m‘ Hohe be- 
schrieben (Symb. Sin. VI 1929). 

In schroff em Gegensatz zu den Isoeten und genannten Marsileaceen st ehen 
die vorwiegend freischwimmenden (pleustischen) Arten von Ceratopteris, 
Salvinia uxid AzoUa, die ganz an sich stark erwarniende, nahrstoffreiche, 
alkalische Gewasser gebunden sind und nur ausnahmsweise auch Landfor- 
men bilden. Die Tropenkosmopoliten thalictfoides ^), Salvima 

natans ®), Azolla pinnata u.a, wachsen ahnlich wie die Lemnaceen, Pistia, 

0 PR- WiTTROCK in Acta Horti Berg. I 1891, G. R. Barnes in Bot. Gazette 
1895, H. GlUck in Flora CXV 1922. 

/*) A. Donat in Pflanzenareale 18 1928 n. Ill 8 1933, S. Thunmark in Acta 
phytogeogr. suec. II 1931, G- Samuetsson ibidem VI 1934, E. Oberdorfer in Ber, 
Naturf. Ges, Freiburg i. Br. XXXIV 1934, K. Jons in Sclir. Naturwiss. Ver. 
Sclilesw. Holst. XX 2, 1934. 

A) J. IvERSEN in Bot. Tidsskr. XL 1929, N. C. Fassett in Trans. Wisconsin 
Acad. XXV 1930, L. R.WiLSONinEcol. Mon.V 1935. 

0 G-. H. Shull in Bot. Gazette XXXVI 1903. 

0 ¥• YABEand K. YAsmin Bot.^^M^ XXVII 1913. 

0 K. Yasui in Bot. Mag. Tokyo ^X^^ 1910 and Ann. of Bot. XXV 1911. 
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Eichhornia, und Trapa iind oft mit dlesen (aiiehemigen Arten) 

somit ais Glieder des Lemnion, sehr gesellig, oft auch als Unkrituter von 
Raisfeldern. Die meist unbest andigen Vorkommnisse von Saivinia und 
AzoUa ausserlialb der Tropeii und Subtropen sind meist diircli Ornithochorie 
zu erklaren (§ 8). Da AzoUa filiculoides bis ins mittlere Pleistozan auch 
am Niederrhein und Don wuchs so braucht ihr neuerliches Ault ret en 
ill Europa nicht nur auf Einschleppung aus Aquarien zu beriihen. 

III. A n g e w a n d t e 0 k o 1 o g i e 

§ 19. Humus- und Torfbildung, Leitfossilien. — Als Humus- und 
Torfbildner stehen die lieutigen Pteridophyten hinter den Laubmoosen und 
Cyperaceen zuriick. Die meist en Waldfarne, insbesondere die des Aihyrion, 
geben einen nur schwach sauren, relativ fruchtbaren Mullboden, in dem 
nur ausnahmsweise starker saurer Trockentorf gebildet wird. Mikrosko- 
pisch sind solche Boden leicht an den Treppentracheiden und glatteii Athy- 
nwm-Sporen zu erkennen. 

Die einzigen Pteridophytentorfe, die heute so verbreitet sind und solche 
Machtigkeit erreiclien, dass sie in Moorprofilen ausgeschieden werden, sind 
von Equisetum limosum (leicht kenntlich an den glanzendschwarzen Rhizo- 
men mit derben Epidermen aus isodiametrischen Zellen und Tracheiden 
niit breiten Spiralbandern) und Thelypteris palustris (kenntlich an den 
Treppentracheiden und stachligen Sporen) gebildet. Der Woodwardia-Toxi 
(S. 413) scheint noch nicht genauer untersucht. 

Die Sporen, die sich wolil von alien Pteridophyten dank ihreni hohen 
Gehalt an Sporenin sehr gut erhalten und zufolge der charakteristischen 
Skulpturen in den meist en Fallen bis zum Genus, in vielen {Lycopodium^ 
Isoetes, Thelypteris u,dL.) bis zur Art bestimmbar sind, finden in der beson- 
ders von Lagerheim begrtindeten quantitativen Mikrofossilanalyse stei- 
gende Verwendung, sowohl in paiaozoischen, mesozoischen und tertiaren 
(s. PIirmer), wie in quart aren Ablager ungen. Ais fazieile Leitfossilien be- 
niitzt worden sind insbesondere die namentlich in eiszeitlichen Sedimenten 
haufigen Mikrosporen von Selaginella selagmoides ^), in interglazialen See- 
ablagerungen Sporen von Salvinia und AzoUa {s. § 17), in spat- und post- 

h P. A. Nikitin in Trudy Komm. Tschetv. Per. Ill 1933, F. Florschutz in 
Verh. Geol.-Mijnb. Gen. v. Nederl. IV 1919, Nederl. Kruidk. Arch. 1928 u. Geol. 
en Mijnbouw 1935. 

-) F. Zetzsche und Mitarbeiter in Ann. d. Chemie 1926 u. Flelvet. Chim. Ac- 
ta XIV-XV 1931-32; O. Kalin, Diss. Bern 1933; F. Kirchheimer in Centralbl, f. 
Mineral. 1932, Bot. Arcliiv XXXV 1933 u. Ber. Schweiz. Bot. Ges. XLII-XLIV 
1933-34. 

N. Lagerheim in Geol. Foren. Forh. Stockholm XXIV 211, 1902; ferner die 
Pollenatlanten voiiG. ERDTMANin Arkivf. Bot. 1923 u. H. Meinke in Bot. Ar- 
chivl927. 

h W. Beijerinck in Proc. Akad. Amsterdam XXXVI 1 1933 u. Nederl. Kruidk. 
Arch. XLIII 1933; F. Firbas in Biblioth. bot. CXII 1935. 
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giazialen aucli solche von Isoetes'^), Bei seinen Mikrofossilanalysen aus 
feuerlandischen Mooren hat Auer 2 ) die Sporen von Hymenophy Hum ^ 
Asplenium, Blechnum, Cystoptens undLycopodiumgetienni gezahlt undaus 
den mit ihrer Hilfe konstruierten Diagrammen Schliisse liber die Verschie- 
bung der Regen waldgrenzen gezogen. 

§ 20. Nutzpfianzen. — Die Pteridophyten haben zwar viel geringere 
wirtschaftliche Bedeutung als die Coniferen, Paimeii, Gramineen u.a., fin- 
den aber doch vielerlei Verwendung : Als Speise dient Starkemehl aus Stam- 
men und Rliizomen von Baumfarnen (neuerdings auf Hawaii auch indus- 
triell verwertet und aus den Rhizomen mehrerer Waldfarne, so in den 
verschiedensten Landern (z.B. Neuseeland, Japan und Kanaren) von 
Ptendium aquilinum mit der tropischen var. esadentum, dann die Rhizom- 
knollen von Equisehm arvense, die noch im 1 8. Jahrhundert auf Island und 
in Norwegen als Jardneter, stukneper usw. allgemein gegessen und vermah- 
len wurden ^), die Sporokarpien der australischen Marsilia nardu und 
Dmmmondii, die als nardu oder addo ein wichtiges Volksnahrungsmittel 
bilden. Die fleischigen Blatter von Ceratopteris werden als Gemtise gekocht 
(frliher auch die von Ophioglossum, z.B. in Siidschweden als henekkl), Azolla 
ahnlich wie EicJihornia als Schweinefutter und Griindunger gesammelt ®). 

Die siissschmeckenden Rhizome von Polypodium vtdgare werden nicht 
niir wieP. glycynhiza gekaut, sondern es werden aus ihnen wie auch aus 
denenvon Matteucciay die in Skandinavien auch als Ziegenfutter dienen, 
bierahnliche Getranke hergestellt (siril-drikke in Norwegen). Zur Likdr- 
bereitung (Capillaire, Syrupus ad longam vitam )sind iiamentlich in 
Frankreich Asplenium Tvichomanes, Ruta-muraria u.a. verwendet wor- 
den ®), Die Cumarin-reichen Polypodium phymatodes (Malaya) und p%istu- 
to?^w (Australien) werden zum Parfumieren gebraucht. 

Mehrere Polyp odiaceen finden seit dem Altertum allgemeine Verwen- 
dung als Anthelminthica {Rhizoma filicis von Dryopteris Filix-mas, ahnlich 
von der amerikanischen Dr, marginalis und der sudafrikanischen Dr. atha- 
mantica = uncomocomo), gegen Leber-, Milz- und Harnleiden (besonders 
Phyllitis Scolopendrium, z.B. in Siidtirol auch Asplenium septentrionale = 
Harngras, ahnlich auch Ceierach, Boirychium und Lycopodium), Zum Blut- 
stilleii werden die Spreuschuppen von Alsophila- und Cibotium- Arten und 
besonders mehrere Equisetum- Alien gebraucht, von denen Aufgusse auch 
neuerdings gegen Rheumatismen und Tuber kulose empfohlen werden., 

1) E. Oberdorfer in Ber. Naturf. Ges. Freiburg i. Br. XXXI 1931. 

2) V. Auer in Acta Geogr. V 2, Helsingfors 1933. 

A. Marques in Agron. colon. VI 1922. 

J. Holmboe in Avh. Norske Vid. Akad. 1929. 

A A. Chevaeier in Rev. bot. appl. et agronic. colon. 1926, s. auch Amer. Bot. 
X 1906 p. 71. 

E. Rollanp, Flore populaire 1896; P. Sebillot, Le Folklore de Francelll 1906;; 
Roland de Bonaparte, Usage et folk-lore des fougeres. La Nature XLVII 1919., 
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Mehrere Fame (u.a. Polypoditim und Botrychium) und Lycopodien werden 
sowohlals Apiirodisiaca (aucli beim Vieh) wie als Abort ivaA^erwendet 

Das Sporenmehl von Lycopodium (seltener auch von Eq-uisetum) wird 
seit altersher zu Pudern und Feuerwerk beniitzt. Technisclie Verwendiing 
linden mebrere Baumfarne zu Bauzwecken [so Dicksonda Selloiiiana in 
Brasilien zu Zaunen), zu Zigarrenkisten und Hiiten (besonders auf den 
Phiiippinen ®), die Liane StenocJilaena palustris zu Schiffstauen, die woll- 
alinlichen Spreuschuppen mehrerer mittelamerikanischer und malayiseher 
Baunifarne, sowie des ostasiatischen Cihotium harometz und der niakarone* 
sischen Culcita macrocarpa (feto abrum der Azoren) als Polstermaterial. 

Besonders die immergriinen Equiseten dienen als Scheuermateriai fiir 
Metall (Zinnkraut), die Blatter vieler Waldfarne (besonders Ptendiimi) als 
Streu, auch zum Abhalten von Ungeziefer, Lycopodium clavatum und anno- 
tinum zum Milchseihen, zu Kranzen u.a. Zu dekorativen Zwecken linden 
viele Fame Ostasiens, der Mittelmeerlander (z.B. Adiantum capillus-Vene- 
ris und Pteris cretica) und Amerikas (z.B. Polystickum acrostichoides, Christ- 
mas lern) Verwendung, ahnlich auch mehrere Selaginellen. Das Aufstellen 
Oder Aulhangen der Aulerstehungsfarne (resurrection lerns) Selaginella 
tamariscina in Ostasien und lepidophylla in Amerika hangt wie die aim- 
liche Verwendung von Anastatica mit magischen Vorsteilungen zusammen. 

§ 21. Zauberpflanzen. — Hildegard von Bingen im 12., Brunfels 
und Bock im 16. Jahrhiindert bezeichnen die Waldlarne als die vornehm- 
sten aller Zauberpflanzen: „Kein kraut ist da meer hexen werck und teuf- 
fels gespenst mit getriben wilrP' (Brunfels). Bis ins 17. Jahrhundert war 
der Glaube in Europa allgemein verbreitet, dass in der Johannisnacht ge- 
sammelter ,,Farnsamen” Wunder wirke. Die Synode von Ferrara erliess 1612 
einVerbot „ne quiseanocte filiceslilicumqueseminacolligaFhAhnliche Vor- 
steilungen warden auch an die Rhizomknollen von geknupft ^). 

Zu den besonders heilsamen und zauberkraftigen ,,Rutae'’ werden seit 
alter Zeit Asplenium-P Adiantum- und BotrychUim- Aston gezahlt. Asple- 
nium Tnehomanes veadi Rtita-muraria gdlton u.a. ahnlich wie Polytrichum 
als „Widerton”, d.h. als Mittel zu Gegenzauber. Zu Liebeszauber, zur For- 
derung wie auch zur Verhin derung von Milchproduktion u.a. werden Eyco- 
podium-ATienmid.gda[iz besonders Botrychium Lunaria als eine der noch 
heute z.B. in mehreren Alpenlandern voikstiimlichsten Zauberpflanzen 
verwendet ^). 


q S. Note 5 S. 418 und die folgenden : 

2) H. MARZELL/Unsere Heilpflanzen. Freiburg 1922, naheres in den pliarmako- 
gnostischen Werken von Tschirch u.a. 

q R. C. Benedict in Amer. Fern Journ. V 1915; C. B. Robinson in Philipp. 
Journ. Sc. Bot. VI 1911. 

H. Marzell, Die Mondraute [Botrychium lunaria) oXs des Mondes. 

Schweiz. Archiv f. Volkskunde XXXI 1931. 


Chapter XIII 

THE ECOLOGY OF TROPICAL PTERIDOPHYTES 

by 

R. E. Holttum (Singapore) 

8 1 Introductory and Historical. — By far the greatest bulk of 
literature on pteridophytes is systematic or morphological. Scattered 
through this literature is a good deal of information relevant from an 
ecological standpoint, but it is very scattered, and much of it may doubt- 
less have been overlooked. The task of examining it all is an impossible one. 
The ecological literature is in a similar case, as references to the ecology of 
pteridophytes are usually. contained in papers of a more or less general 
nature. The number of papers restricted to a consideration of the ecology of 
pteridophytes is extremely small. On the other hand, there is much rele- 
vant information to be found in papers which do not mention pteridophytes 
as such; as an example may be cited comparative studies of conditions of 
light, moisture and temperature in the various strata of the^ forest. The 
literature therefore is a vast one; not more than a small fraction of it can 
be cited, and it is feared that a good deal of it has been overlooked. 

The only considerable summary of information on the ecology of pteri- 
dophytes is in Christ's work Die Geographie der Fame (Jena 1910). In that 
book is a list of all the more important literature up to 1 91 0 ; nearly all of it 
is svstematic. Among the many papers cited, the only one of more than 
passing interest from an ecological standpoint is Copeland s Comparative 
Ecology of the San Ramon Polypodiaceae (Phihppine Journal of Science, 2C, 
1907). I know of no other paper of any length devoted entirely to the ecolo- 

gy of tropical pteridophytes. ^ ^ _ n 

Of more recent general ecological works which are important, the o ow 

ing may be cited ^) : , . c i ‘ 4 . , 

Shreve, F., a Montane Rain Forest, Carnegie Institution of \\ashington, 

1914. ^ ^ 

McLean, R, C. Studies in the Ecology of Tropical Rain-forest. Journ. 

EcoL 7: 5-54, 121-172. 1919. 

Brown, W. H. Vegetation of Philippine Mountains. Manila 1919. 

I) Cf. also Schimper's Pflanzengeographie, 3rd, edition by F.C. von Faber 
(Jena 1935), pp. 327-588. 
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Davis, T. A. W. and P. W. Richards. The vegetation of Moraballi Greek, 
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The following works on ferns, chiefly of a systematic nature, have eco- 
logical information : 

Christensen, C. and R. E. Holttum. The Ferns of Mount Ivinabalii. 

Gardens Bulletin, S. S. 7, part 3. 1934. 

Holttum, R. E. On Stenochlaena, Lomariopsis and Teratophyllum in the 
Malayan Region. Gardens Bulletin, S. S. 5: 245-313. 1932, 

The subject of the ecology of tropical pteridophytes is of far too wide a 
scope to be dealt with adequately in a short chapter of this nature. Ferns 
and their allies have assumed almost all the forms of growth and of adap- 
tation found among flowering plants i), except that at the present day they 
have few representatives of tree habit, and they have not produced species 
which are able to endure quite such extremes of desert and arctic conditions 
as certain phanerogams. A full account of the ecology of ferns would 
therefore be almost a treatise on ecolog}^ as a whole. 

There are certain generalisations which may be made as a preliminary to 
a consideration of the subject in detail. In the first place, pteridophytes are 
rarely dominant in any vegetation. There are exceptions, naturally; but 
though such exceptions may be important from a vegetation standpoint, 
they are concerned with a very small proportion of species of ferns. Ferns 
are in fact largely dependent on other plants to provide them with the 
conditions of shelter and support which they need ; and they are rarel}^ so 
abundant as to have a profound effect on the other units of the vegetation, 
which would not be greatly modified if the ferns were all removed. The few 
cases in which ferns are dominant are not permanent or climax vegetation 
units, but of a more or less temporary successional nature. 

The second generalisation ’which one may make is that the existence of 
fern plants is ultimately dependent on the occurrence, at least seasonally, 
of conditions in which the gametophyte generation can live and develop, 
and the youngest stages of sporophyte growth become established. We are 
accustomed to see and to marvel at the greatly varied form and adaptation 
of the sporophytes, which are the ferns as we know them, but indeed there 
must be nearly as much variety of adaptation among the gametophytes. It 
is true that if a prothallus of Platycerium grew upon the forest floor, the 
resulting sporophyte, if produced, would find itself in uncongenial sur- 
roundings, and would not develop very far; but it is also true that the 
Platycerium prothallus must be able to develop in relatively exposed 
q See Gams, this Alanual pp. 382-384. 
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positions on a tree trunk, in which prothalli of many ferns would be unable 
to exist. How much specialisation exists in the gametophyte generation is 
little known, and there is scope for a great deal of experimental investi- 
gation of the subject. Most of the investigations so far carried out have 
been morphological rather than physiological or ecological. 

The third gene^’alisation is that in each main vegetation type existing in 
various parts of the world, though the species of ferns and Lycopods may 
vary from continent to continent, their growth forms and the parts they 
play in the vegetation complex are very much the same. Thus Sheeve's 
description of the rain forest of Jamaica gives a picture of fern growth 
closely paralleled by that of Brown in the Philippines. There are naturally 
the extreme types of specialisation in form and structure, which are different 
in the different groups of ferns in different parts of the world ; but the main 
types remain the same, though represented by different species or genera. 

In the present chapter it is impossible to do more than describe briefly 
the principal roles played by pteridophytes in the various types of vege- 
tation, and to mention in particular some of the more remarkable cases of 
ecological specialisation. As by far the greater proportion of fern species 
exist in the moister parts of the tropics, it is appropriate to devote this 
chapter to tropical regions alone. In this connection it may be remarked 
that the present writer’s personal experience is almost entirely concerned 
with the vegetation of the Malayan region. He cannot write from first hand 
experience of the American and African tropics, and he cannot hope to 
consult all the relevant literature on the ferns of those regions. As above 
remarked, the available literature indicates that ecologically the pterb 
dophytes are essentially similar throughout the tropics, and therefore it is 
hoped that the present account will not be of a seriously unbalanced nature. 

§ 2. Spore Dispersal. — This subject is one that borders on the 
general distribution of ferns. It is well established that spores may be 
distributed freely by wind, and the factor which limits the ability of a fern 
to spread and establish itself on new ground is not the ability to travel over 
long distances, but the ability to survive during the process of transport. 
Pickett showed that spores of Camptosoms rhizophyllussmyived. through- 
out the winter, and this must be the case also with most of the ferns of 
seasonal climates. Fern spores carried by wands in the tropics must be able 
to withstand full exposure to sun and relatively dry air during the day for 
considerable periods if they are to travel far. It is very probable that some 
cannot withstand these conditions, as for example the extremely thin- 
walled spores oi Lomagramma, Few observations of this nature seem to 
have been made. 

§ 3. The Gametophyte Generation. — In conditions of shade of the 
forest, a considerable proportion of fern spores must be able to germinate; 

See also Gams, in this Manual, p. 395, Amer. Journ. Bot. 1 : 477-498. 1914. 
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perhaps all except those which require conditions of extreme moisture. It is 
the ferns which grow in exposed places — the more xerophytic epiphytes, 
and the terrestrial sun-ferns — which require specialised adaptations to 
more or less adverse conditions. Probably no prothallus will grow under 
conditions of full exposure to the sun. Even where the adult sporophytes 
are fully exposed, it is always found that they begin life in some more or less 
sheltered spot, where the sun shines only for a short time during the da}^ or 
where protection is afforded by a rock crevice or a hole in the gi-oiind. In 
climates with a wet and dry season, the growth of the prothalli will take 
place in the former, and the young plant must have become sufficiently 
established at the onset of the dry weather. Even in Mala^m, where there is 
no long dry season, there is a large mortality of 3^oung sporophytes pre- 
cariously starting life in exposed positions. Treub noted that on the bare 
pumice of Krakatau, after the eruption of 1883, the first covering was of 
Cyanophyceae, and that the prothalli of ferns grew on the gelatinous sub- 
stratum so formed. This condition appears to be a general one in Malaya 
on newly exposed earth surfaces (such as steep banks) which are unsuitable 
for the growth of seedlings of phanerogams. But even with the assistance of 
the Cyanophyceae, prothalli growing on banks fully exposed to the open 
air, though sheltered from the sun, must be able to withstand a considerable 
amount of drying. Pickett made some observations on the prothalli of 
Camptosorus rhizophyllus, which grows on dry limestone ledges and on 
rocks in stream beds, and Asplenium platynearon, a fern of open woods on 
high ridges and dry hillsides. He found that under experimental conditions 
the prothalli had marked drought resistance, and that they would survive 
prolonged drought of the degree of severity found in nature, so long as they 
were not exposed to direct sunlight. I have not seen comparable obser- 
vations made on tropical ferns. ^) . 

The climbing ferns which start life in the very moist low levels of the 
tropical forest are an interesting case. Lomagr amma pix oihslXi for example 
are invariably found on constantly moist rocks beside small streams in 
deep shade. The young plants creep over the rocks with long slender rhizo- 
mes, increasing in size up to a limit ; the adult form of the plant is developed 
only when a rhizome meets a tree and climbs up it. The large fronds 
produced on the high-climbing rhizome are able to exist under moderately 
dry air conditibns, and it is evidently the requirements of the prothalli 
wEich limit the positions in which these ferns can grow. If the prothalli 
could grow oh the bark of a tree, the species would be much more abundant 
There must be a great deal of specialisation of prothalli to growth on rock 
or soil surfaces, on humus, among bryophytes, or on bark; or to various 
conditions of moisture and acidity. 

h Ann. Biytenz. 7: 213-223. 1888. 

q L.c. 

®) See also Gams, in this Manual, p. 385. 
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The Ophioglossaceae present a special case, on account of the sapro- 
phytic nature of the prothalli, and the obligate presence of mycorrhiza; 
Lycopodium, Psilotum and Tmesipteris also come into this category. 
Campbell made some interesting observation on the prothalli of tropical 
species of Ophioglossum, He found those of 0. penduUm abundantly 
present (to the extent of several hundred) between the old leaf bases of a 
oi Asplenium Nidus, 30-40 cm below the crown of living leaves. Such 
prothalli must have existed for many years. In Singapore they grow 
commonly among the old leaf-bases of Platycerium, and it is usually only 
when the Platycerium plant is in an old and enfeebled condition that the 
sporophytes of 0. pendulum begin to appear. Campbell found that in- 
fection by the mycorrhizal fungus took place from the substratum at a very 
early stage/ The prothalli of the terrestrial Ophioglossaceae are wholly sub- 
terranean (with few exceptions), and the young sporophytes are also 
provided with an endophytic fungus. Campbell 2) also records the pre- 
sence of an endophytic fungus in the green prothalli of four species oiGlei- 
chenia, and of other primitive ferns. 

The prothalli oi Lycopodium may be either entirely subterranean as in 
L. elavatum 2Ln<i most terrestrial species; or they may have an exposed 
green upper part, as in L. cernuum; in the epiphytic species the prothallus 
is slender and branched, the branches extending through the humus sub- 
stratum of dead bark etc in which the whole is embedded. All have endo- 
phytic iimgi, though L. cernuum and others are able to carry on photo- 
synthesis. 

§ 4. Lowland tropical Rain-forest. — I. General, ~ A number of 
descriptions of this type of forest have been written from various parts of 
the world, and all give a similar picture as regards the general conditions 
under which pteridophytes live, though the species of trees and other plants 
vary from place to place. There are naturally sub-types of evergreen forest, 
some more open and some more shady, and within these the conditions 
available for pteridophytes vary. It is impossible here to do more than 
indicate the genaral nature of the pteridophytes and the positions they 
occupy in the vegetation. ■ 

As regards physical conditions of humidity, temperature and light, 
several series of observations have been published. All of these indicate 
that there is a gradual change from the ground level to the crowns of the 
tallest trees. The humidity of the air is at a maximum near the ground, and 
the light intensity, daily range of temperature, and air movements are at a 
minimum. In primitive high forest of the Malayan lowlands, Haines ^) 


1) Ann. Buitenz. 21: 138. 1907. 

2) Amer. Naturalist, 42: 154, 1908. 

Bull. Rubber Res. Inst, of Malaya No. 4. 1931. 



R. E. HOLTTUM, THE ECOLOGY OF TROPICAL PTERIDOPHYTES 


425 



found that the temperature at the soil surface did not vary more than i 'C 
during three months, the temperature being about 25°C . At a height of only 
one metre above ground level the temperature range was 7° C, the mean 
remaining about the same. The range of temperature at a depth of 5 cm in 
soil exposed to the full sun reached a maximum of 45°C, with a greate.st 
dailv range of 20°C; this indicates the degree of protection afforded by the 
forest. 

Brown has described similar conditions in Dipterocarp forest in the 
Philippines. Davis and Richards have described forest in the lowlands of 
British Guiana; they also found great constancy of conditions on the forest 
floor, the air very still, humidity never falling below a rather high value, 
and little change of temperature. Light has been measured among others 
by Moreau i) in African forest, Allee in Panama, and C.tRTER in 
British Guiana; the intensity at ground level is of the order of .1 to 1 per 
cent of the full light outside the forest. 

In such forest, which affords the maximum range of conditions for plant 
growth, pteridophytes grow on the ground, on rocks, as low-level epiphjdes 
on the bases of tree trunks, as climbers reaching moderate or great heights 
on the trees, and as high-level epiphytes in the lighter and more fluctuating 
conditions of the crowns of the larger trees. The degree of specialisation of 
form and structure also goes in approximately the above order, the most 
specialised types being the high-level epiphytes. 

II. Terrestrial ferns are many and varied in form. Their abundance 
usually depends on the amount of light, and in typical high forest they are 
scattered, never forming close patches except sometimes in lighter places 
(though here they may often be crowded out by' other plants) and near 
streams. Most terrestrial forest ferns have a short stock, erect or creeping, 
and rather large fronds. A considerable proportion of them show some 
dimorphism; this usually takes the form of a somewhat contracted lamina 
in the fertile fronds, which stand erect, on longer stipes than the broader 
sterile fronds which bend away' in a rosette around them. If there is a fairly 
pronounced dry season, the fertile fronds are often produced then and. not 
at other times. This form of dimorphism undoubtedly helps the distri- 
bution of spores, raising the sporangia well above the surrounding leaves and 
■ exposing them to drier air and any slight wind that may exist. Tree ferns 
usually show no such dimorphism, but their fronds are raised to a higher 
level in the vegetation. They are not usually abundant except near streams 
or in the lighter parts of the forest. They are more frequent on mountains, 
where a moister air is combined with a greater light intensity, leiiekiial 
forest ferns are always rather thin in texture (except those that grow in the 
more open type of forest). 

1) Journ. Linn. Soc. Zool. 39: 285. 1936. 

2) See Moreau’s paper. 
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Shreve measured transpiration rates of terrestrial shade ferns and found 
them greater than those of typical herbaceous plants of the forest floor. He 
also estimated that Diplazium celtidifolhm transpired through the epiderm- 
al surface at least as much as through the stomata. McLean found that 
the xylem supply of shade ferns is sufficient for only the limited transpi- 
ration occurring in the forest and quite inadequate to supply requirements 
of transpiration of the leaves if placed in dry air . Thus ferns of this type are 
specialised to allow of considerable degree of transpiration in an atmosphere 
of high humidity. Some of them have a limited degree of adaptability, and 
may respond to drier conditions by reduction of leaf size and increased 
thickness of lamina. 


Fig. 1. — Dry opteris dissecta 'with Cyathodium cavernarum on damp rocks inside 
birds’-nest cave near Niah ( Sarawak). This association received only light of low 
intensity ; association furthest from mouth of cave. — Photo P. M. Synge. 

The largest ferns of the terrestrial type are the species of Angiopteris, 
which may reach enormous dimensions. They are usually only found in 
rather moist situations, often near streams. When exposed to dry weather, 
the leaves collapse owing to lack of turgor of the swollen base of the stipe; 
they have fairly considerable power of recovery after wilting. Whether the 
collapse of the fronds is of any advantage is doubtful. The smallest plants 
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of tlie terrestrial class are some species of Trichomanes, and Selaginellas, 
wliich are usually confined to this habitat, though a few species are 
adapted to more exposed positions, Selaginellas never occupy a dominant 
place in any vegetation, though the climbing species may form small 
thickets. 

III. Rock ferns. There are certain species of ferns which differ in no 
essential respect from the terrestrial forest species just mentioned except 
that they grow onlyon rocks. They may have a creeping rhizome which is 
firmly attached to rocks on steam-banks, the roots often reaching down 
into crevices or to moss-covered places; or they may have short erect stocks 
usually growing in crevices of rock. In the Malay Peninsula, rocky places in 
the forest, except in the case of limestone hills, are rare and almost 
confined to the banks of .streams, and rock-ferns are therefore not abun- 
dant. A few species seem to be confined to limestone, but most are not 
specialised as regards the kind of rock ; the requirement seems to be adequate 
aeration for the roots. Such ferns, if of any size, must have a fairly moist 
atmosphere, and the usual streamside position supplies this ; alternatively, 
they must have the power to rest in dry seasons. Limestone rock ferns of 
regions with even a moderate dry season may lose their leaves when ter- 
restrial ferns do not. The species of appear to be mostly rock- 

ferns; of these, A. tenerum and others have articulate leaflets which are 
deciduous. 

TV. Climbers, Climbing species of ferns may be divided into the more 
hygrophytic types, which only climb a short distance and are confined to 
the lowest stratum of the forest, and those which climb up the trunks of the 
tall forest trees. The low climbers, being rooted in the earth, are not greatly 
different in type from terrestrial ferns^ but commonly have smaller leaves 
which without the climbing stem would be little raised above the ground 
level. The high climbers are a very specialised class, and among them are 
some remarkable species, notably of the genera Lomariopsis, T eratophyU 
him d,nd: Lofnagramma. These ferns have often two types of leaves, one 
borne by the parts of the plant in the lowest layers of the forest, and the 
other on the high-climbing parts; the former I have termed bafJiyphylls ^), 
a name more suitable than juvenile leaves or “water-leaves”, which assume 
more than we know about their nature. The upper leaves may be termed 
acrophylls. The bathyphylls of Teratophylhim are very various in form, and 
are characteristic for the various species; in fact, it is sometimes easier to 
discriminate species from their bathyphylls than from their acrophylls, 
which, climbing into the upper air, have assumed a rather uniform simply 
pinnate type. The uniformity of this type led to the indiscriminate lumping 
of many species together, and to a failure to distinguish the remarkable 
differences between the genera concerned., The bathyphylls are usually 


q Gardens Bulletin S.S. 5: 246. 1932. 
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more compound than the acrophylls, thinner in texture, and are borne by 
slender rhizomes creeping on rocks, on the ground or on the lowest parts of 

tree trunks. It has been as- 

Fig. 2. — Tcvatophyllum aculeatum var. mon- They are borne On the higher 

tanum : bathyphylls on tree trunk in forest. parts of the climbing stem, 

MalaV Peninsula, alt. 1200 m. djjgj. air and 

The photograph shows how the downwardly di- .j: j- 

rected pinnae grow outwards away from the the Spores aie sure Oi 0 . 15 - 

trunk, to catch the light; the upper pinnae are persal. But they are not at 

closely pressed to the trunk. In young stages of common, and it seems 

this species, onl}^ the downward-growing pinnae 

are developed. — Photo R. E. Holttum. likely that they are only 


■) Ann. Buitenz. 12: 143. 1895. 
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Fig. 3 . ■ — Antvophyimi callaefolhim, 
growing abundantly on andesite rocks, 
G. Kanaga, Java. Common on rocks where 
such occur, in the absence of rocks it will 
also grow on tree trunks. 

Photo VAN Steenis, 


Ir th worlds ; they have their roots in the moist bottom of the forest , and de- 
velop there a frond system suited to such conditions ; and by their strong- 
climbing stems they climb to a lighter place, on the trunks of trees which 
may otherwise be without tenants, and there produce suitable larger and 
more resistent sterile and fertile fronds. None of them climb to tlie full 
height of the crown of the trees, except Stenochlaena, which never starts 
life ill the very shady tall forest, but in more open forest or scrub. 

V. Lo%2)-level epiphytes. These are essentially delicate ferns, found only 
in moist or shady conditions. In most ordinary high forest the conditions 
do not seem to be sufficiently moist for the full development of this group. 
It is only when one comes near a stream, so that very high constant 
humidity occurs, that one finds them at all abundantly. They are best 
developed in the mountain forest (see below). With this proviso, some 
further observations on them may be given here. Some of them are found 
both on rocks or trees, but most seem to be specialised to either the one or 
the other substratum. Hymenophyllaceae are largely found in this class ; 
they often form pure patches on the trunks of trees, or the species mB.y be 
mixed, and bryophytes also occur along with them. Some of them have the 
power of curling up when dried and remaining so for a time without harm, 
but others cannot withstand this. There is little published information on 
the behaviour as regards resistence 

to drying of tropical Hymenophyl- 
laceae. It is clear that they are on 
the whole very exacting, and it is 
only in the most humid places that 
they are abundant, where atmos- 
pheric saturation must be nearly 
complete for considerable periods, 
or where spray or dew maintain 
their surface moist during a large 
part of the time. Other low-level 
epiphytes are less hygrophytic. 

Antrophynm, with its spongy 
mass of very hairy roots and suc- 
culent leaves, comes into this 
group; also Asplenium tenenmi, 
with a spongy mass of outward- 
growing roots and a miniature 
nest-habit. Such root-masses ab- 
sorb a large amount of water and 
tide the plants over rainless periods. 

VI. High-level epiphytes. These epiphytes grow on the branches of the 
crowns of the tallest trees in the forest. They have to withstand rather dry 
conditions during the day, and may have to pass many days without rain, 
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since few localities are without a short dry season. Similar habitat condi- 
tions are found on isolated trees in the open, provided that the crowns are 
sufficiently shady; the ferns of this group are therefore most commonly 
seen and most accessible on such trees, upon which they often grow near 
the ground. Palms with persistent leaf-bases afford peculiarly favourable 
positions for such ferns. They become weeds in an plantation. Some 

of them may even grow on rocks, in exposed or lightly shaded places. They 
have developed a variety of methods of protection against drought, and 
include some of the most remarkable of all ferns. Some members of the 
group are not very resistent and they accordingly occupy the more shady 
positions. Among these less xerophytic plants are the epiphytic species of 
Lycopodium, which hang pendulous below the large tree branches, often 
rooting in a group of other epiphytes, in the less exposed parts of the 
crown. 



Fig, 4. — Asplenitmi africanum : Nigeria, 
Shasha rainforest, one of the most fre- 
quent epiphytes. — Photo P. Richards. 


Most high-level epiphytes start 
their life in association with bryo- 
phytes, which are often the pioneers 
of -epiphytic vegetation, affording 
shelter and moisture for fern prothalli 
and for orchid seedlings. The hardier 
ferns which are first established may 


Fig. 5. — Very young Platycermm Ste- 
maria ?ind young A splehium africanum on 
Cola sp., Shasha Forest Reserve, Nigeria. 
— - In the interior of the forest this species 
is found only at great heights above the 
ground, in the tops of tali trees : in more 
open situations however (where the light 
intensity is higher) it may be found close 
to the ground level, as is a general oc- 
currence among "high level epiphytes"'. 

Photo Richards. 


in turn afford shelter for others. For 
example, the enormous spongy mass of roots of Asplenmm Nid^isddioxdiS 
shelter for other species such as Ophioglossum pendulum, other species of 
Asplenium etc. and the water trickling down from it after heavy rain will 
be utilised by other epiphytes which are not actually growing upon it. 



Fig. 6. — Asplenium Nidus, showing nest-form, and mass of roots arid hnmns 
below. Rainforest nr. Tjibodas, G. Gedeh, Java. — Photo P. Synge. 

their bases, where the leaves gradually rot, the roots of the fern penetrating 
among them. In this way gigantic masses of roots and humus are developed 
over long periods of years, continuing until their weight breaks the branch, 
or the tree itself falls. 

b. Bracket-epiphytes are similar in effect, but instead of a nest or cup 
the humus collectors are short sessile bracket leaves or in some cases the 
enlarged bases of ordinary leaves. These grow over the creeping rhizome 
of the fern (itself protected by a thick layer of scales), collect humus and 
protect the roots. The Drynaria group are the chief representatives of this 
type. Platycerium is a different type with overlapping erect bracket leaves. 
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Thus is developed a vegetation upon the substratum provided by the 
branches of the dominant trees. The epiphytes are opportunists which 
have made use of this precarious site, unusable by other plants; they are 
adapted to it, and to no other. They may be subdivided into various groups 
according to their methods of combating the enemy of drought. 

a. Nest-epiphytes. Asplenium Nid'us is the chief of these. In its capacious 
nest are caught fallen leaves ; through a layer of these grow each successive 
crop of Asplenium fronds, holding the accumulating mass securely between 
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and (usually) pendulous leaves bearing the fertile areas. In both the Dy\- 
naria and Platycerium groups the bracket leaves are persistent, but the 

others are deciduous and may be 
shed in the dry season (where such 
occurs). 

c. Simple coriaceous leaves. These 
leaves are usually small in size, often 
simple, thick and coriaceous in 
texture, with some water storage 
capacity and restricted transpira- 
tion, often covered with hairs or 
scales. The species of Cyclophorus 
(see Giesenhagen) ^), and Elapho- 
glossum, are the most striking of 
the group. Cyclophorus may have 
trichome hydathodes capable of 
absorbing water; excretory hydath- 
odes are also present in many species. 
Drymoglossum piloselloides repre- 
sents a very reduced fleshy type, which often grows right to the ends of 
the branches of a tree, sometimes even covering the leaves w^here these are 
long-lived, clinging very closely with its numerous root hairs. These ferns 
can withstand considerable exposure to drought, sometimes becoming 
flaccid and shrivelled in dry weather. The rhizomes are often wide-creeping 
and are almost always well protected with scales; the fronds are often 
articulate, and are shed when old. They are often associated with orchids, 
and t ogether the epiphytes may make a very dense covering on the branches 
of the tree, the leaves protecting the roots from extreme exposure. The 
roots often grow in a close thin mat with lichens, algae and bryophytes. 

d. Succulent fhizojm. Almost all the larger epiphytic ferns have a rather 
stout fleshy rhizome, which doubtless serves to some extent for water 
storage, but there are a few ferns in which this is especially developed. 
The most remarkable cases are those in which the fleshy rhizome offers 
shelter to ants; they are comparable to phanerogams such as Hydnophy- 
tum, Polypodiufn sinuosum SiXid allied sy)ecies, and Lecanopteris, are the 
chief examples; Karsten ^) mentions (and figures) also a very curious 
species called P. imbricatum, with a segmented thin flattened rhizome, 
up to 12 cm wide and only 8 mm thick. He does not say that it is ant- 
inhabited. The P. simtosum group have scaly rhizomes and are lowland 
plants ; Lecanopteris have naked rhizomes and are found only on moun- 
tains; but ail are functionally similar. Docters van Leeuwen ^) records 

h Ber Farngattung 1901. 

2) L.c. 

A) Ber. der detit.‘?oh. bot. Ges. 47: 90. 1929. 



Fig. 7. — Platycerium grande. Botanic 
Garden, Brisbane, Queensland. The erect 
bracket-fronds curl back towards the tree 
as they die, holding the dead leaves they 
have collected. — Photo E. H. Wilson. 
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that the Sporangia of these ferns have many oil drops in the thin wail- 
cells, and that for this reason they are sought by ants, which distribute the 
spores to places suitable for germination. It is very doubtful whether the 
ants protect the plants in any way, and it is certain that the plants can 
grow in the absence of ants; but probably the ants do them some service 
in bringing food to the roots. The more elaborate species of the P. sinuosHiH 
group have large crustose rhizomes, covering a branch of a tree, but they 
never attain the enormous size of Lecanopteris. Old trees in mountain 
forest sometimes have a large proportion of the crown branches covered 
with a growth of this fern, the horny black rhizomes, lacking leaves, having 
a fungus-like aspect. Only the growing tips of the plant have fronds, but 
the older parts, often dead, continue to act as ant-nests. The ants also 
bring other small seeds (of orchids, Disckidia etc.) which likewise have oil in 
their coats ; these germinate in the crevices of the rhizome and there find 
shelter for their roots. In this way the fern may be the beginning of a mass 
of epiphytes. 

Christ refers to two interesting ferns from Tropical America, Polypo- 
dium Brunei and P. bifrons. Both these bear tuberous growths on the rhi- 
zome, and it is probable that they serve as water-storage organs. The tu- 
bers are hollowed in the upper surface, and afford some protection for roots. 
Hooker also mentions that the tubers of P, bifrons are ant-inhabited. 

e. Less specialised types. There are many larger-leaved epiphytes, 
usually not occupying the more exposed positions, and often taking ad- 
vantage of the shelter afforded by nest-ferns and other pioneers, which are 
less elaborately adapted to epiphytic life than those already mentioned. 
They usually have rather fleshy rhizomes, but their leaves are often fairly 
thin in texture. Pinnae, or whole leaves, are often deciduous. 

f. Nutrition of high-level epiphytes. This is a problem which needs further 
study. The character of the bark of the tree may have an important in- 
fluence on the ability of the pioneer epiphytes to settle, and in some cases 
may determine the presence or absence of epiphytes. Many epiphytes are 
humus collectors, and so develop what amounts to a soil for their roots. 
Others make use of the smaller-scale humus collection of lichens and 
bryophytes. Mineral elements and nitrogen must be provided to a small 
extent by bark decomposition, but still it seems surprising that there is a 
sufficient supply. A recent publication of Lausberg may perhaps throw 
some light on the subject. Dealing with certain herbaceous plants, he finds 
that the leaves excrete on their surfaces a relatively large amount of 
mineral salts. If tree-leaves behave in the same way, the nutrition of 
epiphytes like Drymoglossum is largely exiplained. The excreted salts 
would be washed down the branches and trunks by rain, and will in part 
be available for any epiphytes which may be present. 


Jalirb. Wiss. Bot. 81 : 769. 1935. 
Manual of Pteridology 
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The water supply of these epiphytes is the crucial factor in their 
existence. They are only found abundantly in the moist tropics, and in 
continuously moist warm temperate climates such as that of New Zealand. 
Though they are well protected against water loss, and can tolerate con- 
siderable loss of water without injury, there are limits to their endurance; 
they cannot survive a very prolonged dry season, and they must have a 
considerable amount of rain during the growing season. Even in the most 
equable climate, rainfall is intermittent, and between rams the regular 
heavy nightly dew must be an important factor in the water supply of 

such epiphytes. _ e i i 

yil. Riverside ferns. River-sides afford conditions of high humidity 



Fig 8. Dipteris LohUana on xock^ in Johore, lOO ra. The narrow 

coriaceous leaf-segments are typical of many ferns of this habitat, whmr is su jec 

to frequent flooding with swiftly-flowing water. — Photo R. E. Holttu . 


combined with more light than exists in the depths of the forest. They 
are therefore especially suited to epiphytes of all kinds, and the wealth 
of these surpasses by far that of ordinary forest. Especially is this the case 
where the river is not too wide; where the trees on the banks lean over and 
almost meet overhead, and where primitive high forest on either side 
protects these from drying winds, “High-level” epiphytes are found in the 
more exposed positions, and often quite low down, and they may occur 
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on rocks also. Deeper under the shade and nearer the water/ on the lower 
parts of the tree trunks, are masses of Hymeno-phyllacem and other 
hygrophytes. Small trees on the bank are often laden on all their branches 
with pendulous bryophytes, among which are small ferns and sometimes 
e'pi'phytic Selaginellas. . 

The river banks have also their characteristic fern-flora, and in this 
there is often a distinct zonation. Where the banks are rocky, the rocks, 
which are subject to inundation from time to time by floods, are sometimes 
covered with ferns of the Dipteris LohUana t^^^pe, with creeping rhizome 
on the rock surface and erect fronds with narrow leaflets. There are also 


Fig. 9. — on each bank of forest stream, Malay Penin- 

sula, 1500 m. — Photo R. E. Holttum. 

other smaller ferns (such as Lindsay a spp. in Malaya). Where the bank is 
not rocky, different types of ferns occur, often forming a close cover. 
Higher up the bank are other ferns which will not withstand frequent 
submersion, but which require the moist and relatively light conditions 
of this situation ; not all of these are specialised to river banks, but many 
are so. Where the forest has been cleared, and only secondary growth, or 
a mere fringe of trees, remains, the wealth of species is much less. The chief 
reason is doubtless the wind, which prevents the attainment of the 
necessary degree of humidity. In Malaya, there is a remarkable species 
which is confined to the banks of tidal streams, beyond the reach of salt 
water, but where there is a regular rise and fall of water level. Tectavia 
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Fig. 11. — Acrostichum aureum, which normally grows in salt water, in chemic- 

ally controlled not-salt water near Depok (W. Java) with. Susum anthelminthicum 
(right). This fern often persists in areas which were formerly tidal, but have been 
artificially cut off from contact with the sea. — Photo van Steenis. 


The most characteristic fern of the mangrove is of course Acrostichum 
aureum (and allied species). These ferns grow in the drier parts of the 
mangrove area, though they will stand immersion by the tides. They 
grow most vigorously in open places, and after clearing they may form 
such dense thickets that the establishment of the tree species becomes, 
difficult. Like other mangrove plants, these ferns transpire freely. Cope- 


semiUpinnata m mud, so that at low tide it is fully exposed, 

but at high tide often almost completely submerged. 


§ 5. Mangrove. — The larger trees of well-grown mangrove often bear 
the usaal high-level epiphytes. The more hygrophilous low-level epiphytes 
are usually only found in areas of mangrove furthest from the sea; here 
they are often very abundant, much as on riverside trees. A few ferns, 
notably Humata parvida, seem almost confined to this habitat. 
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LAND records that the stomata occupy 35% of the lower surface. Young 
plants of these species are often found in sheltered places on rocky sea 
shores, but in such positions they rarely attain any size. 

§6. Mountain plants in the moist tropics. — I. Mid-mountain 
forest. — Brown divides mountain forest in the Philippines into mid- 
mountain and mossy forest, and this is a good general distinction, but 
naturally the topography of ridge and valley make considerable local 
differences of conditions; and the vegetation near the summit of a small 
mountain will be very different from the vegetation at the same altitude 
on a larger mountain. Also windward and leeward slopes may have quite 


Fig. 12. — Virgin forest on the Fast side of Mt. Gedeh in West- Java, about 2000 m 
above sQ 3 ,-lQvel. Df'yopteHs spec. div. along a forest-path. 

Photo Docters VAN Leeuwen. 

different conditions of moisture. Mid-mountain forest is lower in stature 
than lowland forest and therefore tends to be lighter at the ground level. 
It is also usually moister on account of more or less regular mist and cloud. 
The pteridophyte vegetation is very similar to that of the lowland forest, 
but usually much richer, especially as regards terrestrial ferns and low- 
level epiphytes. Tree-ferns are also frequent in the undergrowth, but the 
most conspicuous growth of these (usually confined to a few robust 
species) is in clearings and beside streams, where light is stronger. The 
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flora generally is different in specie^ from the lowland forest. The high- 
level epiphytes are sometimes enormously developed on the old trees, 
forming masses of humus larger than the branches on which they rest; 
ferns have a conspicuous place among such epiphytes, but are accompanied 
by a great variety of angiosperms. 



Fig. 13. — Belgian Congo: Ituri, Lubero, 2000 m. Typical growth of tree ferns 

in a rather open place in valley forest {CyatJiea M anni an a Qtc.). 

Photo H. M. King Leopold III. 


II. Mossy Forest i). In mossy forest the conditions are extremely moist, 
owing to regular cloud and mist. There are certainly seveial types of mossy 
forest, according to conditions of exposure, temperature, degiee of cloudmg 
etc. In some cases hepatics predominate (often in large masses) and in 
others mosses form almost a pure covering on the trees. The mosses only 
occur abundantly in the most humid localities. Mossy forest of whatever 
type always consists of short trees, often close together. It is usually most 
developed on ridge tops; not in valley bottoms, where conditions for tree 
growth are more favourable and higher forest occurs. Brown found that a 
hair hygrometer recorded 1 00% humidity all the time in the mossy forest, 
but he moted that the hairs became wet with mist, and in the drier periods 
this was slow in evaporating. He concluded that the humidity never fell 
much below the maximum. The light is not so strong as might be expected, 
on account of the clouding. Shreve in Jamaica dealt with a forest almost 

b See Richards, Journ. Ecol. 24: 340--356. 1936. 
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approximating to mossy forest, but stated that complete saturation was 
a transitory state even in the most humid situations. 

The mossy forest typically consists of a single layer of tree-crowns, with 
sparse undergrowth. The trunks of the trees are bryophyte-covered to a 




Fig. 14. — Old secondary forest on the S. side of Mt. Guntur (Goentoer) in 
West- Java, about 1500 m. above sea-level. Cyathea species, one of the more robust 
tree-ferns, v hich can stand exposed conditions. — Photo Procters van Leeuwen. 


greater or less extent, and also bear numerous hygrophytic epiphytes in- 
cluding Hymenophyllaceae, Grammitis, and the small species of Poly- 
podium. The exposed parts of the crowns may bear very xerophytic 
epiphytes. The terrestrial vegetation includes a number of ferns, and also 
sometimes the terrestrial Lycopods, which however are more abundant 
in the open thickets on ridges. The ferns are typically of a rather xerophy- 
tic type. In Malaysia the species of Plagiogyria are characteristic; these 
have erect fertile fronds, but their most remarkable feature is the slimy 
covering of the young expanding fronds and the white aerophores which 
penetrate it. A similar condition is found in some other ferns ^), of several 
genera, mos t of which inhabit similar situations. The mucilage is secreted 

h Goebel. Ann Buitenz. 36; 84. 1926. 
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by glands on the surf ace or on scales. It protects the very young fronds 
from desiccation, but in many cases it would seem to be quite superfluous 


Fig. 15. — Lycopodium pinifolium in moss forest on G. Gegerbentang (1750 m) 
he young sterile branches at first horizontal, later pendulous. — Photo van Steenis. 

for this purpose, and is dispensed with by most ferns. It may be of value in 
sudden dry weather. 

Shreve's remarks on the conditions of 
to the moister mountain forest generally, 


montane rain-forest” apply 
“The prolonged occurrence 
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of rain, fog and high humidity, at relatively low temperatures, places 
the vegetation of a montane rain-forest under conditions which are so 
unfavourable as to be comparable with the conditions of many extremely 
arid regions. The collective physiological activities of the rain-forest 
are continuous but slow; those of the arid regions are rapid, but confined 
to very brief periods*’. “The desert plant loses far more water per unit area 
than does the plant of the rain forest” (each under the normal condition in 
which it grows). 

The reason for the dwarfing of the trees, and for the peculiar character 
of some of the terrestrial plants (such as Plagiogyria) is probably the ac- 
cumulation of a raw acid humus similar to that of “hochmoor” in colder 
climates. Von Faber ^), speaking of the craterplants of Java, noted that 
the epiphytes grew in, a very acid substratum composed chiefly of moss, in 
which little nitrification took place. He found this quite different from the 
humus of Asplenium Nidus in the mid-mountain forest at Tjibodas. Spha- 
gnum is not usually well developed in mossy forest, as the light is inade- 
quate, but it is often abundant in more open places on mountain ridges. 

§ 7. Sun-ferns of tropical lowlands. — These ferns are fairly sharply 
distinct from the forest ferns, though they vary in the degree of exposure 
they will tolerate. They may be divided into the two main groups of long- 
creeping and short-creeping or tufted ferns. The former often form almost 
pure patches of vegetation, and may be important from a successional 
standpoint. The latter are only locally dominant, and usually occur along 
with other plants, though they may also play an important part in the 
establishment of new vegetation. The most interesting observations on the 
colonisation of new ground by sun-ferns were those of Treub ‘^) on Kra- 
katau three years after the great eruption. He recorded that ferns composed 
almost the whole of the vegetation of the island (other than the strand- 
flora) at that time, but gives little information as to their relative abun- 
dance. One of the species found by Treub was Pityrogramma calomelanos, 
an American species which has become well established in Asia and is one 
of the first plants to. occupy bare ground. 

The establishment of sun-pteridophytes can best be seen on newly cut 
earth banks, or on abandoned clearings. Wardlaw^) described the co- 
lonisation of an abandoned St. Lucia banana plantation, the soil of which 
had become impoverished. Under these conditions sp. and 

Cecropia grew abundantly, the former equalling in height the stunted 
banana plants after two years. Wardlaw also remarked that on slightly 
weathered rock surfaces, landslides, cuttings etc. <2 spp., Lygo- 

dium spp. zxiALyoopodhm cernuum cover the ground. All these are surface- 

h Die Kraterpflanzen Javas. Buitenzorg. 1927. 

q -L.c. 

Journ. Ecol. 19: 60-64. 1931 
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rooting plants, and if conditions are moist enough for the prothalli to 
develop, they soon become established. 

In Malaya a continuous growth oi Gleichenia spp. is also found in places 
where a hard compacted soil (often resulting from abandoned cultivation) 
offers little opportunity for the establishment of angiosperm seedlings. 
The prothalli develop in the more sheltered positions, on banks or in hol- 


lows, and once established the ferns spread Ptevidmni cannot 

colonise such hard surfaces as Gleichenia, as it has a subterranean 
rhizome, whereas that of Gleichenia is superficial. But Pteridium, when 
established, can withstand burning, which kills Gleichenia entirely. 








Fig. 16. — Gleichenia linearis (two varieties) on edge of forest near Singapore. A 


typical thicket-forming tropical sun-fern. Photo R. E. Holttum. 


Pteridium tends to become established as a thicket -fern in rather poor 
sandy soils and where the vegetation has been burnt; it is especially 
characteristic of areas which are subject to periodical clearing for culti- 
vation, and in such cases may be associated with it ; 

Cihotium has a thick prostrate caudex which is not killed by light burning. 

Lycopodium cernuum does not grow luxuriantly in the full sun, but 
may accompany Gleichenia in thickets. It has found its optimum condition 
in some old Hevea plantations in which the soil, having been clean-weeded 
for years, has become very hard. When weeding ceases, the Lycopodium 
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may become established, and under the light shade of the Hevea trees it 
often grows more luxuriantly than Gleichenia. L. cernuum spreads very 
rapidly by means of runners which root and produce new erect shoots ; in 
fact, almost any prostrate branch may root, and so renew its vigour. The 
species is clearly specialised like the Gleichenias to a compacted soil sur- 
face, the result of heavy rain on cleared ground. If that surface is broken 
up by cultivation, seedlings of many plants are easily established; the 
soil may not be seriously impoverished, but its physical condition is un- 


Fig. 17. — Blechnum ovientale and Sclevia in the solfatares near Samosir (Su- 
matra, Lake Toba). In the foreground Eleocharis dulcis. Blechnum ovientale is a 
tropical sun-fern tolerating a very wide range of conditions. — Photo K.ITermann. 


suitable for most plants. On the most exposed steep cuttings of roadsides 
it may take years for a covering of ferns to become established. Gleichenia 
rhizomes will start to grow over the bare surface from the neighbouring 
vegetation, during the wetter weather, to be dried off by a few weeks of 
bright sun. 

A Gleichenia thicket may persist for a considerable time, but in the 
ordinary course of events it is gradually invaded by trees and shrubs; some 
of the hardier of these may have become established at the same time as 
the fern, but develop much more slowly. The young trees in time produce 
a low secondary forest, in which the Gleichenia persists (often associated 
with Nepenthes) in a less vigorous condition, its fronds often growing 
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mucli longer than in the open, and climbing some distance up the trees. 
In wetter places, Stenochlaena faUtstris a thicket -forming fern, which 
in time forms a dense mass of lianes on the trees which are established in its 
protection. These ferns clearly form an important preliminary stage in the 
development of new vegetation on unfavourable sites. 

The Lygodiums, where they occur, are a distinctive feature of the 
secondary scrub vegetation. Sporangia are only borne on the parts of the 
fronds fully exposed to sun and air. Young plants may often be seen also 
in moderately shady forest, but in such places they usually remain dwarfed. 
Lygodiums resemble in habit some of the climbing orchids which need 
shelter from the shade of shrubs for their roots, but only flower on the 
branches which pro] ect freely into the air above the bushes. 

Where good high forest has been cleared, quite different conditions 
prevail from those of the abandoned cultivated areas already mentioned. 
The soil, though rapidly deteriorating on the sudden exposure to sun and 
rain, is rich and of good texture. If the clearing is not planted with a crop 
which effectively covers the ground, it at once becomes invaded by sec- 
ondary forest trees of many kinds, which become rapidly established. 
chenia and other ferns often gain a footing, but in the dense growth they 
do not usually form a prominent feature. Sometimes Nephrolepis becomes 
established and may form dense thickets, its slender runners forming 
a very rapid means of propagation. 

There are certain ferns which are characteristic of swampy ground, and 
are abundant where such is kept free from tree growth. Some of these have 
creeping rhizomes and tend to form thickets; others are short -stemmed 
species, invading the vegetation where they have opportunity. 

Water-ferns are few and nearly all are sun-plants. Ceratopieris grows 
freely in shallow water, but never seems to be a dominant plant. Azolla 
Sind Salvinia are locally abundant as floating plants, and with its 

floating leaves is found in rice-fields and other shallow water. Polypodmm 
pier opus is recorded by Ernst as a facultative water-fern. It usually 
grows on rocks beside streams or in stream beds, where it is occasionally 
submerged. 

§ 8. Mountain fern -thickets. — These are very similar in aspect to 
the fern thickets of the lowlands, but are formed chiefly of different 
species (though some, such as Gleichenia spp. and Ptendium, have 
a great altitudinal range). They are always developed in clearings, the 
species varying with the altitude and degree of exposure. Shreve describes 
thickets in Jamaica which are very similar in aspect to those found in 
Malaya; the American Odontosorias ssemsdchedhy the thorny Hypolepis 
and Dennstaedtias of the Malayan region. Lycopodiimi casuarinoides and 


h Ann. Buitenz. 22: 103. 1908. 
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Polydium. Feei var. vulcanicum on an old lava-stream in the crater 
0.1 Mt. Gedeh in \^est-Java, about 2600 m above sea-level. Poorlv developed subal- 
pine vcgQt^tioxi, Anaphalis javanica, Cahniajavanica Z. et M./Cauliheria fm^an- 
hsstma, and the lichen : Siereocaulon graminosum. — After Docters van T.RFTrivT?N 
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other species are locally important constituents of such thickets. The 
thickets are usually gradually invaded by tree growth (often from the 
edges) but on exposed ridges and summits they may persist for long periods 
and are perhaps to be regarded as a kind of sub-climax vegetation type. 
Among ferns of this group perhaps Matonia peciinata is the most interes- 
ting. It is confined to exposed ridges and summits of mountains in the 
Malayan region, growing sometimes in quite dense thickets in sunny places, 
but also in open ridge forest, where it may attain a large size. Sometimes 
it grows in association with Sphagnum, Gates i) has described a Sphagnum 
bog in the tropics. Such bogs are not infrequent on Malayan mountains. 
Ferns of the section Eugleichenia are often associated with them, also 
other ferns of similar habit etc.). 

Tree-ferns of the more resistant types often form almost pure patches 
of vegetation in valley clearings, but they give way in time to forest. Their 
trunks, covered with a thick mass of roots, afford shelter for epiphytes. 

The ferns on the upper slopes of the volcanoes of Java are of considerable 
interest. Poly podium Feet var. vulcanicum may form a close pure terrestrial 
growth almost up to the crater’s edge and is one of the few members of the 
Vaccinimn association which forms the woody vegetation approaching 
most nearly to the crater. In form, it is a typical '‘high-level” epiphyte 
with coriaceous leaves. The other ferns which come nearest to the crater 
are typical mountain ridge ferns. 

§ 9. Evergreen rain “forests of the subtropics. — We may take New 
Zealand as a typical example of this type of vegetation, as it has received 
more study than most other regions. The general aspect of the vegetation 
is often very similar to that of Malaya, except that the species are different 
and their number, especially of the epiphytes, is less. This vegetation has 
been well described by Cockayne, Oliver and others. Cockayne writes of 
ferns in lowland forest : “Ferns, as a whole, are of particular physiognomic 
importance. The most conspicuous are the tree ferns, especially Cyathea 
dealhaia, C, medullaris (sometimes 15 m high and the fronds 6 m long), 
Hemitelia Smithii, Dicksonia squarrosa (slender and not particularly tall) 
and Dicksonia jihrosa. Oi the smaller ferns, Blechnum discolor is specially 
physiognomic, occurring as it does in far-reaching colonies”. The terrestrial 
vegetation of Metrosideros robusta forest of the North Island sometimes 
consists of a dense growth oi Hymenophyllaceae, including Trichomanes 
reniforme and Hymenophyllum flahellatum. In Metrosideros lucida forest 
of the South Island Hymenophyllaceae also abound. At Franz Josef 
glacier, the end of which is 213 m above sea-level, this forest comes to 
within a few metres of the ice; the forest here contains Hemitelia Smithii 
of low stature, several Hymenophyllaceae^ Hypolepis temnfoha, Histiopte- 
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ris incisa, Blechnum procermn, B. lanceolatum, A splenmm bulbiferum, A. 
flaocidum, Polystickmn vestitum, Polypodhm diver si folium, P. Billardieri, 
Lycopodium volubile. The approach of such a wealth of pteridophytes to a 
glacier is a remarkable phenomenon. 

Ferns play an important part in the developmental stages of vegetation, 
fern-thickets of Pteridium, Gleichenia etc. grading into shrub thickets. 
The Pteridium is evergreen as in the moist tropics, and forms a permanent 
dense thicket difficult for other species to enter. Blechnum proceruni mdcy 
cover steep slopes, especially in river gorges. The sun-ferns sometimes 
develop a different habit when they occur in Leptospermum forest. The 
Pteridium becomes a scrambling liane, other species are less xerophytic 
in habit, and some are sterile. In Sphagnum bogs Gleichenia and Lyco- 
podium occur, the former being important members of transition 
stages to scrub. 

The epiphytes are of essentially the same character as the tropical ones, 
but the more specialised types are absent. All true epiphytes are found in 
rain forest ; few occur where the rainfall is less than 60 cm. They are various- 
ly adapted to conditions of greater or less humidity and light, but as el- 
sewhere there is no rigid zonation. Moisture rather than shade is the es- 
sential factor toT Hy^nenophyllaceae, though they will tolerate considerable 
shade. Insufficient light prohibits the growth of the sun-loving epiphytes. 
Two of the Hymenophylla only occur on tree-fern trunks, which are also 
favoured by some of the other ferns, and by Tmesipteris. Some of the Hy- 
menophyllaceae are more resist ent to drought than others and climb higher 
on the trees. The root-hairs of a number of the epiphytes contain fungus 
hyphae ; whether these have any function in the nutrition of the ferns is 
unknown. The only species comparable with the more resistant tropical 
epiphytes are Cyclophorus serpens and Polypodmm diver sifolium; these 
may grow on rocks as well as on trees. Two species of Lycopodmm hang 
pendulous below the branches of trees in the same wa}.^ as the tropical 
epiphytic species. Podocarp forest, with a dense canopy of foliage, contains 
the greatest variety of epiphytes. 

§ 10. Pteridophytes of less favourable climates. — In less fa- 
vourable climates than those of the moist tropics and subtropics, fern 
growth is a less conspicuous element in the vegetation, and the species 
occurring must be able to withstand, to a greater or less degree, and for a 
greater or less period, conditions of drought or cold, or both. There is no 
sharp division between one climate and another, and it is difficult to divide 
the various classes of pteridophyte floras. 

Other regions with similar climates possess a fern flora of similar, aspect 
to that of New Zealand. Tasmania, the Canary Islands, parts of Japan, and 
of the coastal regions of South America, which have equable oceanic 
climates, have a considerable wealth of ferns, but the number oh e'piphytic 
species is less than in the tropics. 
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The Monsoon regions border on the continuously moist tropics, and 
there is a gradual change from one to the other, the dry season lengthening 
and increasing in intensity. In such climates there is abundance of rain in 
the Avet season, and it is a question of the ferns being able to exist during 
the drought ; this they usually do by adopting a deciduous habit. The leaves 
of terrestrial ferns may shrivel, unless they are in sheltered localities or 
near streams, in which case this may be unnecessary. Epiphytes may lose 
their leaves, a process facilitated in many cases by articulation of pinnae 
or stipes. In some cases, fleshy leaves of epiphytes are not shed, but curl 
up, and in this wilted condition are able to continue to exist. Drynarias 
lose their vegetative leaves and retain the dead bracket leaves, which 
protect the rhizome and roots. In some cases this shedding of leaves and 
resting is obligatory; in others it depends on external conditions. Goebel i) 
remarked that the Drynarias of Java retained their leaves throughout the 
dry season if the plants were in sheltered positions, and were also ever- 
green in hothouses in Europe. D. Fortunei, however, loses its leaves sea- 
sonally even in the uniform hothouse climate. Parallel cases might be 
cited in phanerogams; e.g., a bare stage is obligatory in Bomhax mala- 
haricum but not in Tectona grandis, though both are normally deciduous in 
seasonal climates. In some cases one species replaces another as a uniform 
climate is replaced by a seasonal one. Thus, in the seasonal climate of 
the north of the Malay Peninsula, Flaty cerium grande t^kes the place of 
P. coronarium, which is abundant in the south. P. grande will grow in 
the uniform climate of Singapore, but will not reproduce itself; P, coro- 
narhm cdjmoi withstand a prolonged dry season. A deciduous habit is 
resorted to by different ferns in conditions of different severity; and within 
the same region different habitats vary in the conditions of exposure and 
dryness. A limestone rock-fern may need to drop its fronds in a short dry 
season during which most terrestrial ferns can continue to vegetate; 
another rock-fern may wilt but retain its leaves in a living condition. In 
the mountains of the monsoon regions, rain is more abundant than in the 
low country, and the dry season less severe; conditions approximate more 
to those of the mountains of the continuously moist regions. 

If the wet season is shorter or has less rain, the conditions for pteri- 
dophyte development are less favourable. Epiphytes are the first group to 
disappear. Terrestrial ferns become chiefly confined to woodlands, where 
such exist, except for a limited number of xerophy tic species. In open 
country, and on high mountains beyond the limit of tree growth, a re- 
markable series of xerophytes occur; these are perhaps best developed on 
the Andes, the species of Jamesonia being particularly notable. These ferns 
have short-creeping rhizomes, often rooting deeply, the stipes slender and 
wiry, the lamina reduced, often much dissected, the small segments often 


q Ann. Buitenz. 39: 142. 1928. 
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concave beneath, the surfaces waxy, scaly or hairy, sometmes very hea- 
vily protected. Christ gives a list of such plants, including Jamesoma, 
Doryopteris and Aneimia from the Andes, Pellaea from Mexico and South 
\frica Mohria from the Kalahari and East Africa, AcUmoptens from 
\bvssinia and India, Platyzoma from Australia, Adiantum caftllus-venens 
from Mesapotamia and central Asia, OnycMum mdanoUpis from Sinai, 
Ceterach officinale from Morocco, Cheilanthes farinosa from Somaliland. 
These ferns are the nearest approach to desert plants which occur among 
pteridophytes. Adiantum capillus-veneris (as well as some of the others 
mentioned) is very widely distributed, and may grow in exposed rocky 
places in wetter climates ; it is found for example in Penang. According to 
toRiST the other principal fern-type of the high is Elaphoglossum 

the fronds of which are simple and entire. The woodland forms are broad 
and often almost glabrous; the species of the exposed uplands are reduced 
in size, thick in texture, and very heavily protected with a covering of 
scales and hairs. Some species of Cyclophorus in China are similar in form 

and habitat. . 

A few species of Lycopodium are also adapted to dry conditions on the 

Andes; they have fleshy or coriaceous leaves, often cnrlmg up in drought. 
Some remarkable species oiSelaginella have a similar habit. S . Upidophylla 
is perhaps the most notable of these; it occurs in Mexico, and the plants 
roll themselves into the form of close vails during dry weather, persisting m 
this condition for long periods, and uncurling during the infrequent rainy 

periods. 
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§ 2. Geschichtliches. — Die Wissenschaft der Pteridophyten-Geogra- 
phie hat erst eine kurze Geschichte. J. D’Urville (1) gab 1825 nach der 

Anmerkung: Herrn Carl Christensen, der im 1 8. Kapitel dieses Werkes die 
Klassifikation bearbeitet hat, bin ich fiir die Kontrolle der giltigen Namen und 
fiir zahlreiche Hinweise zu grossem Dank verpflichtet. Das derTabelle zugrunde 
gelegte System entspricht dem C-HRiSTENSENschen. Die Namen der bei der 15. Fam. 
{Polypodiaceae) noch angegebenen Unterfamilien sind in jenem Kapitel des 
Handbuchs nachzusehen. W 
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dainals liblichen statistischen Art eine Ubersicht uber den Ant^l der 
Fame an der Gefasspflanzenflora einzelner Gebiete. Wenn G. Baker 
seine Abhandlung (2) mit der Feststellung beginnt, dass wir von keiner 
■^rossen naturlichen Pflanzenordnung die Verbreitung so gut kennten, wie 
von den Farnen, so nimmt er damit ihr Ergebnis vorweg. Er will sagen, 
dass von keiner grossen Gruppe die herbarmassig niedergelegten Grund- 
lagen fiir die Darstellung der Verbreitung so vollstandig und nic zu- 
letzt dank W. Hookers und seiner eigenen Bemiihungen — so kritisch 
durchgearbeitet seien wie von den Farnen. In der Emleitung legt er urz 
die klimatischen Ursachen der Verteilung der Fame dar, die durch ihi 
Fehlen oder ihre Zahl und Uppigkeit „witli the precision of an hygrometei 
die trocknen und feuchten Gebiete der Erde anzeigen. Die 1 . kurze Tabelle 
stellt diese Beziehungen - unter Vergleich mit der Temperatur - zu- 
sammen. Es werden darin 10 „Distrikte” unterschieden, die obwohl 
man sie hauptsachlich als Vegetationsbereiche ansehen muss, vielfach mit 
den von Christ spater umrissenen Farn-„Florenreichen zusammen- 
fallen Den Hauptteil der Abhandlung bildet die 2., etwas unubersicht- 
liche Tabelle mit der vollstandigen Aufzahlung der von Baker anerkann- 
ten Arten und ihrer Verbreitungsgebiete. Zum Schluss werden die ein- 
zelnen Distrikte noch kurz floristisch charakterisiert, mit Betonung des 
statistischen Gesichtspunktes. Endemismus und Dis]unktionen (auch 
schon einzelne Grossdisjunktionen) werden kurz beruhrt. So mu^en 
wir diese Abhandlung Bakers als die eigentliche Begrundung der Wis- 
senschaft von der Geographie der Fame ansehen. Das zwei Jahre spater 
veroffentliche Handbuch Lyells (3) bringt einen Fortschritt durch seme 
iibersichtliche und ins einzelne gehende Aufzahlung der Areale, mit^ nr- 
vorhebung der Endemen, aber keine Vertiefung der ^1 gemeinen Gesichts- 
Dunkte. — Palackys kurze (tschechisch geschriebene) Arbeit ( ) um ass 
zwar als erste die gesamten Pteridophyten, zeigt in ganz grossen Zugen 
auch die vorweltliche Verbreitung, bietet aber weder tatsachlich noch 

tlieoretisch Neues. ^ 

Trotz dieser Vorganger konnte Christ 1910 in seiner ,,Geo^aph e 
Fame” (9) noch schreiben, dass bis dahin keine „einlassliche Darstellung 
der Farnverbreitung” gegeben worden sei. Christ hat das Verdienst dure 
Vergleich der Farn- und Bliitenpflanzen ausdriicklich mit der Vorstellung 
aufgeraumt zu haben, dass die Farnpflanzen (und die Sporenpflanzen 
iiberhaupt) vermoge der unbegrenzten Verbreitbarkeit ihrer Wander 
organe weite und unbestimmte Areale, also eine diffusere, weniger cha- 
rakteristische Verbreitung als die Bliitenpflanzen hatten. Fm_ die voile 
Erkenntnis von der Bedeutung des Endemismus und der Disjunktion 

bei den Farnen und fiir die Festlegung der Farn-Florenreiche ist das Wer ^ 
des schweizerischen Pteridologen bis heute die Hauptgrundlage gebheben. 

8 3. Die Bedeutung der Umwelt fiir die Farnverbreitung. — Ihr 

Wohngebiet wird den Pteridophyten in staxkem Masse von klimatischen 
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Bedinguiigen vorgeschrieben : sie sind im aligemeinen mesotherme Hy- 
grophyten. Erst bei einem Regenfall von mehr als 200 cm im Jalire ent- 
falten sie ihre ganze Fiille; alle Erdstriche, die nicht mindestens 60 cm 
Niederschlag empfangen, sind arm an Pteridophyten, da die Ausbildiing 
xeromorpher Sippen nur in beschranktem Masse erfolgt ist; die meisten 
sind Schattenpfianzen, so dass das Areal der Pteridophyten nahezu mit 
dem Waldareal zusammenfallt. „Der baumlose hohe Nor den, das Step- 
pengebiet Zentrai- und Vorderasiens, die Prarie Nordamerikas, der Wiis- 
tengiirtel vom Indus bis Marokko, die Pampas, die Gerdllfelder Patago- 
niens und die peruanisch-chilenische Kiiste, Zentrai- und West austr alien, 
Slidwestafrika sind fast ohne Fame (und Pteridophyten uberhaupt), und 
innerhalb der Waldgebiete sind grosse Hochlander und trockene Gebiete 
nur von kleineren, xerophytisch angepassten Arten bewohnt, wahrend 
nur in den sie durchfurchenden Schluchten im Schutz von Galleriewaldern 
ein iippigeres Farnleben moglich isF' (9). Kiistenlander, Halbinseln, wie 
Florida, Inseln, wie Wight und Inland, die Canaren und Azoren, Mada- 
gaskar, die Maskarenen und Seychellen, die Philippinen und Borneo, 
Neu-Guinea, Neu-Caiedonien, Tasmanien, Neu-Seeland, Juan Fernandez, 
Hawaii, sind bevorzugte Sammelpunkte der Pteridophyten. 

Ihre Hauptmasse, besonders die der Fame und von diesen wieder der 
stattlichen, vor allem baumformigen, ist auf die warmen Erdgebiete 
beschrankt. Von den eusporangiaten Farnen gehen nur die kleinen 
glossaceae, von den leptosporangiaten hauptsachlich Polypodiaceae, ierner 
Osmunda- Art en, wenige kleine Schizdeaceae und winzige Hymenopkyl- 
laceae bis in die kalten nor dlichen Gebiete, wahrend in die fur Farnwuchs 
ausserst geeignete gemassigte Siidhemisphare viele tropische Gattungen, 
selbst Cyaiheaceae, YOidringm. Die unter gleichmassigeren Bedingungen 
lebenden Wasserfarne {Marsilmceae, Salviniaceae) sind stark verbreitet 
in den nordlichen aussertropischen Zonen, und untergetaucht lebende 
Arten der Gattung findet man fast auf der ganzen Erde, am haufig- 
sten ausserhalb des Aquatorialgiirtels. 

Alpine und arktische Fame gibt es nur wenige, ebenso streng deser- 
tische, weil alle Extreme in Temperatur und Trockenheit den Farnen 
widerstreben. Hochnordisch ist die Gattung Zu den Alpinen 

gehoren vor allem die kleinen Pflanzchen der Gattung PolysUchum, die 
in China und im Himalaya bis in die Schneeregion bei mehr als 5000 m 
Hohe vordringt; in den Anden> von 3400 m an auf warts, zahlreiche — - 
ebenfalls winzige — Vertreter von Elaphoglossum, Jamesoni a u.o.. 

Ahnlich den Filicales verhalt sich die grosse Gattung Selagmella. Sie 
ist fast ganz auf die schattigsten und feuchtesten Stellen des tropischen 
und subtropischen Regen waldes beschrankt ; aussertropische Verbreitung 
haben nur wenige Arten, von denen 5. arktisch-alpin ist. Wohl 

am weitesten nach Siiden — bis Tasmanien — ist S. Preissii vorgedrungen. 
Die bekannten, im trocknen Zustande eingeroHten Rosetten von S. 
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dophylla rnidi Verwandten, 5. rupestris, borealis, mongholica u.a. mit meiir 
Oder weniger ausgesprochenem Xerophytencharakter bewohnen trockene 
Gebiete der Neuen und Alten Welt. Von Lycopodium finden die zahl- 
reichen epiphytischen Arten natiirlich nur in den Regen waldern, sei es 
der beissen oder der siidlichen temperierten Zone, giinstige Existenzbedin- 
gungen; die am Boden wachsenden haben aber oft ein auf f allend geringes 
Warmebediirfnis* sie kommen daher vorzugsweise ausserhalb des Tro- 
pengiirtels oder innerhalb auf den hohen Gebirgen — in den Anden manche 
an der Schneegrenze — vor. L. Selago geht im den Alpen bis zu Hohen 
von 3120 m. Vielleicht spielt bei dieser Beschrankung aber auch die Ver- 
breitung der Pilze eine Rolle, mit denen die Lycopodien in Symbiose leben. 

Von den Gatt ungen der Psilotales ist die monotypische Tmestpteris 
in Australien, auf seinen Inseln und Neu-Seeland verbreitet und geht von 
da — bis zu den Philippinen — in die Tropenzone fiber. Die Gattung 
Psilotum i^t mit 2 Arten in den Tropen und Subtropen beider Hemispharen 
zerstreut, nach Norden bis Japan und Florida, nach Siiden bis Neu-See> 
land. Die Vertreter beider Gatt ungen sind Humusbewohner. 

Die Equisetales neigen offenbar von alien Pteridophyten am meisten 
nach der oligothermen Seite hin und haben auch das geringste Bediirfnis 
nach Luftfeuchtigkeit; viele lieben aber feuchten Boden oder leben sogar 
im Wasser. Die meisten Arten der einzigen Gattung Equisetum sind ausser- 
halb der Tropen beheimatet. Equisetum arvense, variegatum, silvaUc-ummidL 
scirpoides diirften von alien Pteridophyten am weitesten nach Norden 
gehen, bis Gronland, Island und Spitzbergen und bis ins arktische Amerika 
und Sibirien. In den Alpen steigen einzelne Arten bis 3000 m auf. (Vergl. 
S. 385— 390). 

§ 4. Die Merkmale der Areale. A. Die Grosse undzonaie 
Ve r t e il u ng. 

a. Kosmopolitische und zonenumfassende Sippen. 
— Die Grosse der Pteridophytenareale ist ebenso verschieden wie die der 
Angiospermen. Kosmopolitische Arten gibt es langst nicht so viele, 
wie man bei der leichten Verbreitbarkeit der Sporen voraussetzen konnte ; 
kaum 2-J Dutzend Farngattungen, die in der Tabelle (S. 460) etwa unter den 
Arealtypen 24-28 angefiihrt sind, bewohnen den Erdball in annahernder 
Gesamtausdehnung. Einige der weitest verbreiteten Arten sind folgende; 
Pteridium aquilimim, wohl zugleich der geselligste Farn, kommt in alien 
Klimaten vor, vom Aquator bis zum Polar kreis und stidwarts bis Neu- 
Seeland. Noch weiter nach Norden, bis Gronland, dringt Cystopteris fragilis 
vor, der andrerseits bis ins tiefe Stidamerika und in die sudl. gemassigte 
Zone der Alten Welt geht. Annahernd gieich kommt ihm Asplenitm 
Trichomanes. Aildben Pteridium ist Osmunda regalis ,,der universelle Farn 
schlechthin!' (s. S. 389). Fast kosmopolitisch — mit Ausschluss trockner 
Gebiete — sind Lycopodium Selago und clavatum. 
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Selbst in der Tropenzone, der Hauptverbreitungszone der Pterido- 
phyten, gibt es nur wenige um den ganzen Erdball herumgehende Arten 
{ P a n t r o p i s t e n ). Am allgemeinsten und gleichmassigsten sind ver- 
breitet ; Gleichenia linearis; Pteris vittata, quadriaurita, biaurita; Histio-pteris 
incisa; Asplenium praemorsum; Nephrolepis cordifolia, acuta, exaltata', 
Acrostichum aureum (in der Mangrove) ; Dryopteris gongylodes, dentata; 
Didymochlaena lunulata ; Doryopieris concolor. Pantropische Gattungen gibt 
es in erheblich grpsserer Zahl, wie die Arealtypen 1 und 12-28 der Tabelle 
ausweisen. 

Einige Crypto gramma- hiten sind zirkumpolare GlazialpflaJizen. 
Woodsia ilvensis, alpina und glabella y Dryopteris dilatata, cristataVin6.spi- 
nulosa bewohnen das subarktische Europa und Nordamerika und alsRe- 
likte die Gebirge des gemassigten Teiles der Nordhalbkugel. Von den 200 
Farnarten desnordamerikanisch-eurasischen Waldgebietes haben siclietwa 
20 % gleicbmassig in diesem ganzen Gebiet auszubreiten vermocht , wie M at- 
teucoia, Athyrium Filix-femina, Ophioglossum vulgatum; dd^zn Lycopodium 
annotinum, alpinum und complanatum, das bis in die alpine Region der Tro- 
penzone vorstosst; scliliesslich Equisetum pratense,palustre,hiemale,varie- 
gat^m, scirpoides. Nur seeks, noch dazu mono- oder oligotypische Gattungen, 
gebdren aliein der nordlichen gemassigten Zone an. (Arealtypus 64, 65). 

Vorwiegend s ii d 1 i c h - g e m a s s i g t, aber in der Aiten und Neuen 
Welt bis in die Tiopen yordnngend, ist Poly stichum capense, Blechnum 
capense und tahulare. Aliein den tiefen Siiden (Arealtypus 66-68) 
bewohnen nur sieben — ■ wiederum monotypisdie — Gattungen, Todea, 
Thyrsopteris, Serphyllopsis, Cardiomanes, Leptolepia, Loxsoma und die 
Lycopodiacee Phylloglossum, keine davon aber alle Landmassen zugleicli. 
Aus grosseren Gattungen sind nur Polystichum mohrioides und Blechnum 
penna marina zirkumpolarantarktisch. 

Bipolare Sippen gibt es unter den Pteridophyten natiirlich nur 
sehr wenige, da die Zahl ihrer aussertropischen Vertreter an sich schon 
recht gering ist. ,,Arktische Spurenin der Subantarktis” nennt Christ einige 
kleine Botrychium-KiiQn iBotrychium Lunaria). Yoxi den Filicales ist am 
auffalligsten die leptosporangiate Farngattung Pleurosorus (Arealtypus 
63) mit drei schwach getrennten Arten, von denen die eine in den 
Gebirgen Sudspaniens, die anderen teils in Neu-Seeland und xAustraiien, 
teils im sudliehen Chile vorkommen. 

b. End e ni e n. — Der Endemismus spielt bd den Pteridophyten eine 
friiher ungeahnte Rolle, vornehmlich bei den heterosporen, die ihr Wohn- 
gebiet in der Regel nur ausdehnen konnen, wenn Sporen beiderlei Ge- 
schlechts die gleiche Verbreitung erfahren. Bei den etwa 700 Selaginella- 
Arten ist eine Verbreitung iiber das Mediterrangebiet, von den canarischen 
Inseln bis Syrien (S. denticulata) oder uber Costarica-Guiana-Nordargenti- 
nien (S. radiata), liber Japan-China-Ostindien- Java iiber Su- 

matra- Java-Borneo-Neuguinea (S. intermedia) sdnou'weii zunennen; sie 
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kommt kaum zwanzigmal vor. Am weitesten verbreitet sind die syste- 
matisch etwas isoliert stehende S. helvetica, namlich in den Gebirgen 
Mittel- nnd Slideuropas, bis zum Kaukasus, ferner in Persien, dem Amnr- 
gebiet, der Mandschurei undin Japan; und S.proniflora {=S, Belangeri), 
von Ostindien liber die Sundainseln, Philippinen und Neu-Guinea bis 
Queensland. Die liberwiegende Zahl der Selaginella- Alien hat nacli imserer 
heutigen Kenntnis eine sehr enge Verbreitung; zahlreich sind die Insel- 
endemismen, doch wird auch von den die Kontinente bewohnenden 
Arten allermeist eine enge oder sehr enge Beschrankung angegeben. Wie 
weit in der Gattung Selaginella der Endemismus den durchschnittlichen 
Pteridophytenendemismus iiberwiegt, zeigen folgende Tatsachen: Ma- 
dagaskar weist rund 46 % Endemen aller Pteridophyten auf, aber 70 % 
in der Gattung Selaginella, und fiir Neu-Guinea ist das Verhaltnis derseiben 
Sippen 60 % und 80 %. 

Ahnlich liegen die Arealverhaltnisse bei der viel artenarmeren Isoetes, 
was die verbreitungshemmende Wirkung der Pleterosporie um so mehr 
betont, als diese Gattung vorziiglich Wasser- und Sumpfpflanzen enthalt. 

Von den isosporen Pteridophyten weist die monotypische Psilotaceen- 
gattung Tmesipteris — besonders neben dem pantropischen Psilotum — 
ein verhaltnismassig beschranktes Areal auf: Australien und die benach- 
barten Inseln, Neu-Caledonien, einige polynesische Inseln, die Philippinen. 
Equisetum ist mit stark beschrankten Arten im Himalaya, in Japan, in 
Peru und Mexico vertreten. Die Schilderung des Endemismus der 
wie sie Christ bereits gibt, trifft in ihren Grundziigen auch nach unserer 
heutigen Kenntnis noch zu. In dieser grossen Klasse kann man alte und 
junge Typen mit Sicherheit bezeichnen und so zwischen dem konserva- 
tiven und progressiven Endemismus gut unterscheiden. Beide weisen, wie 
bei den Bliitenpflanzen, zahlreiche Falle engster, oft punktartiger Verbrei- 
tung auf. ,,So gut wie die Canaren unter den Statice ihre Nobiles haben, die 
auf einem einzigen Felsen vorkommen, so sehr sind die edlen Polystichum 
WehUanum, falcinellum, drepamtm auf einzelne Punkte in Madeira und 
Matonia sarmentosa auf einige Hohlenstandorte bei Sarawak auf Borneo 
isoliert” (9). Alte Endemismen sind noch Archangiopteris Henryi und 
N eocheiropteris palmatopedata in Yunnan ; die Gattung Dipteris, von deren 
halbem Dutzend Arten nur eine {D. conjugata) iiber das ganze indisch- 
malayische Gebiet verbreitet ist; Loxsoma Cunninghami in Neu-Seeland 
und die nahe verwandten drei Loxsomop sis- Alien, je in Costarica, Ecuador 
und Bolivien; Thyrsopteris elegans auf Juan EeindoiAez. Botrychium'kQmmi 
in ganz Afrika mit einer auf die Grasregion des Kamerunberges beschrank- 
ten Art vor. — Als Must erbeispiele fur Neuendemismus nennt Christ die 
znhlxeichen Polystichum-, Poly podium- und Mif/^yn^^w-Formen Chinas 
Aneimia und Doryopteris in Brasilien, Elaphoglossum in den Anden. Bei 
den artenreichen Cyatheaceen-Gattungen AlsopMla, Hemitelia, Cyathea 
ist strenger Endemismus die Regel* manche sind auf einzelne Vulkane 
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beschrankt. Da zur Beurteilung dieser Verhaltnisse die Artenzahl von 
Bedeutung ist, wird sie in Spalte e der Tabelle beriicksichtigt. 

B. Die meridionale Verteilung. — Der Begriff „Disjunk- 
tion” in seiner alteren, allgemeinen Fassung hat wohl Spekulationen iiber 
die Verbreitungsmoglichkeiten der zerstreut lebenden Sippen anregen, aber 
auf die Entstehungsgeschichte der Pflanzenareale iiberhaupt kaum ein 
Licht werfen konnen; erst seine Fassung im iRiiscHER’schen Sinne der 
„Grossdisjunktion” hat hier weitergefiihrt. Da Irmschers Schemata 
zugleich eine tibersichtlicheVorstellungvonder Verbreitung geben, so sei 
der Versuch gemacht, diese Schemata auf die Hauptmenge der Pteri- 
dophytengattungen anzuwenden, wobei die oben erorterte Bedeutung der 
Tropenzone fiir diese Pflanzengruppe besonders hervorgehoben wird. Die 
folgende Tabelle ergibt auch leicht eine Ubersicht iiber die Verbreitung der 
Familien; auf die der Gattung untergeordneten Sippen konnte bei der 
Beschrankung des Raumes nicht eingegangen werden. 


Vbersicht ilher die Verbreitung der Pteridophyten. 



Nr. der Gattung. 
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14. Hemioaitis 


I ^ lo Ud cd ON 6 


15. Helmintliostachys 1 1 

16. Phanerosorus 2 

17. Cystodium. 1 

18. Acropliorus 3 

19. Acrosorus 5 

20. Aglaomorpha 11 

21. Chris tiopteris 3 

22. Craspedodictyon 6 

23. Diplaziopsis 1 

24. Diplora 4 

25. Davallodes 12 

26. Grammatopteri- 

diurn 2 

27. Hemigramma 6 

28. Leptochilus 10 

29. Loraagramraa 14 

30. Merinthosorus 1 

31. Nematopteris 2 

32. Platytaenia 1 

33. Prosaptia 15 

34. Schizostege 3 

35. Scleroglossum 7 

36. Stenolepia 1 

37. Sphaerostephanos 5 

38. Stenosemia 3 

39. Scyphularia 7 

40. Taenitis 3 

41. Tapeinidium 12 

42. Vaginularia 6 


d. Mit d r e i 
Luclien 


43. Danaea 

44. RegneUidium 

45. Loxsomopsis 

46. Hymenophyllopsis 

47. Metaxya 

48. Adenoderris 

49. Amphiblestra 

50. Ananthocorus 

51. Anaxetum 

52. Anetium 

53. Anopteris 

54. Atalopteris 

55. Carnptodium 

56. Campy loneuruin 

57. Cochlidium 

58. Craspedaria 

59. Cyclodium 

60. Dictyoxiphium 

61. Enterosora 

62. Eschhatogramme 

63. Fadyenia 

64. Goniopteris 

65. Hecistopteris 

66. Holodictyum 

67. Hypoderris 

68. Jamesonia 

69. Llavea 

70. Marginariopsis 

71. Maxonia 

72. Neurocallis 

73. Odontosoria 

74. 01fer.sia 

75. Ormoloma 

76. Paltonium 

77. Phlebodium 

78. Plecosorus 

79. Polybotiya 

80. Pterozonium 

81. Rhipidopteris I 
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Saccoloma 

Saffordia 

Soromanes 

Stigmatopteris 

Trismeria 


Ochropteris 


Psammiosorus 


Archaugiopteris 
Macroglossum 
Christenseiiia 
Matonia 
^Arthromeris 
Cerosora 
Cheilanthopsis 
Diacalpe 
Dictyocline 
Egenolfia 
Heterogonium 
Lecanopteris 
Lithostegia 
Luerssenia 
Neocheiropteris 
Oreogrammitis 
Parasorus 
• Peranema 
Photinopteris 
Psomiocarpa 
Pycnoloma 
Querdfilix 
I Tectaridium 
Teratophyllum 


Platyzoma 

Stromatopteris 

Aspleniopsis 

Cionidium 

Dendroconche 

Diellia 

Heinipteris 

Neurosoria 

Oenotrichia 

Sadleria 

Thysanosoria 


IL Tropisc-h u. 
aitsserirop. 
a. P a n t r o p. 
u. i. der n o r d 1 
Zone 


Antrophyuni 

Bolbitis 

Coniogramme 

Ctenitis 

Loxogramme 

Micro! epia 

Nephrolepia 

Stenoloina 

Tectaria 


Onychium 


Doryopteris 
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135. Dicksonia 

136. Marattia 
\ 137. Heniitelia 


P a n t r o p. u. 
i. der ii 5 r d 1. u 
s ii d 1. Zone 


1138. Oleandra 


('139. Alsophila 
140. Ceratopteris 
^ 141. Diplazium 
\ 142. Lindsay a 
{ 143. Platycerium 




144. Pityrograinma 

' 145. Dicranopteris 

146. Cyathea 

147. Acrostichum 
. 148. Cyclophorus 

149. Schizoloma 

150. \’’ittaria 

151. Psilotum 

j 152. Schizaea 
\ 153. Dennstaedtia 


145. 

146. 

147. 

148. 

149. 

150. 
20 151. 


! 154. Sticherus 
155, Ctenopteris 

156. Grammitis 

157. Histiopteris 

158. Hypolepis 

159. Elaphoglossum 

160. Lygodium 

Y 161. Pellaea 
\ 162. Azolla 

163. Leptogramma 

164. Dryopteris 


I" 165. Marsilia 
\ 166. Pteridium 

167. Botrychiuni 

168. Ophioglossum ^ 

169. Hymenopliyllum 

‘ 170^ Xrichoinanes 

171. Adiantum 

172. Asplenium 

1173. .^thyrium 
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iUUkliolvoU!odU|6U|cij2l:sj s ^ 


174. Blechnum 

175. Cheilanthes 

1 2 3. 176. Cyclosorus 

1 2 3 4 177. Cystopteris 

12,4 178* Notholaena 

(kosmopolitisch) 179. Polypodiutn 

{180, Polys tichmii 

181. Pteris 

182. Thelypteris 

183. Equisetum 

184. Lycopodium 

185. Selaginella 

186. Isoetes 


I d. In den Tropen! 
e i n e Liicke I 


I 187. Osmunda 
\ 188. Woodsia 


1189. Aneimia 


1190. Salvinia 


1 191. Anogramma 


1 192. Phyllitis 


!i 93. Culcita 


M94. Plagiogyria 
{ 195. Cibotium 
I 196. Gymnopteris 


1197. Paesia 


198. Pleopeltis 


2 3 . I 

2 3 4 |199. Davallia 


2 3 4 1200. Phymatodes 


(incl. Selliguea) 


2 3 4 boi. Angiopteris 

4"' I ■ " 


’.2 3 4 202. Lcpisorus 

• 2 ' „ ' ■ 

'^2 3 4 203. Arthropteris 

i . . 4 


2 3 4 204. Gleicbenia 
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44 . 


45 , 


He 


46 . 


47 , 


48 , 


49 , 


50 . 


51 , 


52 . 


. . 3 . 

. 2 3:4 


.234 

. 2 . . 


205. 

206. 

207. 

208. 


!. In den Tropen] 
w e i Luckeri 


1 2 
1 2 


1 2 

. 2 


1 2 3 
1 , 3 


209. 


210 . 


, 211 . 


Cyrtomium 
Drynaria 
Humata 
Microsorium 
(incl. Colysis) 


Stenochlaena 


Ilf 


53 . 


54 . 


55 , 


56. 


57 . 


58 . 


59. 


60. 


2 3 
2 3 


2 . . 
2 3 . 

2 . . 

. 3 . 

. 3 4 


3 4 
. 4 


In den Tropen] 
rei Liicken 

1 . . . 

1 . . . 

12 . . 

12 .. 

1 . . . 


1 . 

1 2 


1 . 

1 . 


. 2 

. 2 


12 3 . 

. . 3 . 


. . 3 . 
. . 3 . 


Anapeltis 


Lonchitis 


1212 . 

|213. 

214. 

215. 

216. ’ 
217. 
[218. 

219. 


220 . 


221 . 


222 . 


Marginaria 


Pilularia 


> 6 
CM W 


12 

20 

40 

40 


Woodwardia 

Hypodenaatitim 

Actiniopteris 

Ceterach 

Dipteris 

Cheiropleuria 

Leucostegia 

Doodia 

Tmesipteris 


12 


10 


20 


25 


1223. ' 

1224. 

225, 

1226. 

I227.I 

1228. 


229. 

[230. 

231-1 

,232. 


GymnogTamme | 60| 

Boraraeria 
Phanerophlebia 

Lophosoria 


Mohria 


Matteuccia 


Brainea 

Brymotaenium 

Lemmapliyllum 

Monacliosorum 


15,12 

205. 

15,14 

206. 

15,3 

207. 

15,14 

20P. 

15,15 

209. 


15,14 
15,5 ■ 

15.9 

15.12 

15,5 

15.10 

15.13 

15.14 
15,3 

15,9 


15,14 


15,6 

15,6 

■15,12 


14 


15,8 


15,9 

15,14 

15,14 

15,12 


210 . 

211 . 

212 . 

213. 

214. : 

215. 

216. 

217, 

218. 

219. 
20 220., 


1221 .. 


222 . 

223, 

224. ; 

225 , ; 

226. 

227. 

22 b:;? 


229. 

23D. 

231, 
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I I i i i i i’ 


A 

233. 

Leptopteris 

6 

I ■ 

4 1 

233. 

... 4 




1 ' 


III. Rein ausser- 




■ ■ , 1 ■ 


iropisch 




' i ■ ■ 


12 3. 







234. 

Cryptogramma 

7 

15,6 1 

234. 

12.. 




■' 1 


. 2 . . 




. ■ . ■ ■ ■ 1 . 



235. 

Pleurosorus 

3 

15,10 1 

235. 

i . . 4 




' i 


1.3. ( 

236. 

Camptosorus 

2 

■ 15,9 i 

236., 

:::: \ 

237. 

Onoclea 

1 

15,8 


237. 


238. 

Monacbo.sorella 

2 

15,12 


238. 

. . 3 . ! 

.... < 

239. 

Pleurosoriopsis 

1 

15,10 


239. 


240. 

Saxiglossum 

1 

15,14 


240. 

.... [ 

241. 

Sinopteris 

2 

15,6 


241. 


242. 

Todea 

1 

4 


242. 

C 2 ’ 4 







.... ( 

243. 

Serphyllopsis 

1 

'll 


243. 

i::: \ 

244, 

Thyrsopteris 

t 

13 


244. 

i 

245. 

Cardiomanes 

1 

11 


245. 

.... j 

246. 

Loxsorna 

1 

10 


246. 


247. 

Leptoiepia 

1 

15,1 


247. 

... 4 ( 

248. 

Piiylloglossum 

1 


18 

248. 


§ 5. Die Florengebiete, die Christ ftir die Filicales imterscheidet, ias- 
sen sich auf die Gesamtheit der Pteridophyten libertragen. Sie sollen 
deshalb in enger Anlehnung an ilin mit den notig erscheinenden Erwei- 
terungen gekennzeichnet werden. 

1. Die Flora d e s k a 1 1 g e m as si gt en n 5 r d 1 ic h e n Wald- 
g e b i e t e s beider Halbkngeln mit dem arktisch-alpinen Element setzt 
sich znsammen aus besonderen Arten, die alle im Siiden Verwandte haben, 
und aus solchen des siidlicheren temperierten und sogar tropischen Wald- 
gebietes selbst. liber die Zahl der Farnarten, die das ganze zirkumpolare 
temperierte Florengebiet durchziehen, vergl. § 4, A, a (S. 455). In der Alten 
Welt ist dessen Farnflora ungemein gleichformig, aber im feuchten Osten 
und besonders Westen gehauft, wahrend in Nordamerika die meisten 
Fame dem feuchten Waldland im Osten angehoren, hinab bis zum Golf 
von Mexico und an die Grenze der trocknen Hochlander. Im pazifischen 
Westen dehnt sich dieses Florenreich nur tiber den hoheren Norden aus, 
von Oregon aufwarts; die kalifornische Kiiste rechnet bereits zur mexi- 
kanischen Flora. 

Die floristische Schilderung der Untergebiete, wie sie Christ so an- 
schaulich gibt, muss hier uiiterbleiben. Erwahnt sei iiber Christ hinaus, dass 
die Gattung Equisetam und auch Lycopodium in dem nordlichen Waldgebiet 
eine verhaltnismassig nicht geringe Rolle spielt und von den etwa 65 Isoetes- 
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Arten melir als 20 dort ' auftreten, vorzuglich im neuweltlichen Anteil. 

2. Die Mediterranflora mi t dem atlantischen 
We strand Europas und dem Kaukasus. Erstere, die 
noch in Syrien gut vertreten ist, tragt — entsprechend dem sommer- 
trockenen Klima — deutlich xerophiien Charakter, und gerade auch die 
endemischen Mittelmeerfarne gehoren der Gruppe der kleinen Felsen- 
Asplenien an. In den hoheren Gebirgen erscheinen die Arten der nord- 
lichen Waldregion. Die vom Klima unabhangigere Gattung Isoetes bildet 
auch in dieser Flora einen recht merklichen Einschlag. Der vom Golfstrom 
beherrschte atlantische Westrand Europas hat seine eigene Farnflora, in 
die sich allerdings Mittelmeertypen einmischen. Die atlantische leitet sich 
in letzter Linie von dem altafrikanischen Gebiete ab. Besonders hervor- 
zuheben ist Irland, dessen Farnflora durch ihren sMlichen Charakter in 
so hoher nordlicher Breite einzig auf der Erde dasteht. Der Kaukasus 
lasst an seinem West- und Ostfuss mediterrane und desertische Einfliisse 
erkennen; seine Wald- und Alpenregion aber ist noch ganz mitteleuro- 
paisch, mit einigen Endemismen und einer fern-ostlichen Spur. Unsere 
Waldfarne sind namentlich am feuchten Ostrande des Pontus machtig 
vertreten. 

3. Die w a r m t e m p e r i e r t e c h i n e s i s c h-j a p a n i s c h e 
Flora reicht vom Tsin ling shan bis zum Hochplateau von Tibet, von 
dem zahlreiche Taler und Schiuchten in das innere China hinablaufen. 
Die Siidgrenze dieses reichen Florengebietes schiebt sich weiter nach 
Siiden vor, als Christ es angenommenhatte, bis Nordburma und Tonkin, 
wenn hier die Durchsetzung mit malayischer Flora auch schon starkere 
Geltung bekommt. Wie fur die Bliitenpflanzen, so ist dieses Floren- 
reich auch fiir die Fame „ein wahres Reich der Mitte" (9), ein Zentrum 
allerersten Ranges. Uberhaupt gehen wohl nirgends auf der Erde die 
geographischen Eigentumlichkeiten der Bliitenpflanzen und der Fame 

^ so genau parallel wie hier. Die hervorstechendste besteht darin, dass in 
beiden Gruppen der Reichtum von Arten erstaunlich, die punktformige 
Zerstreuung und Vereinzelung der Arten und selbst der Individuen zum 
grossen Teil aber verbliif fend ist. Gleichlauf end damit geht ein Auftreten 
vielgliederiger Formenreihen und Formenkreise, die sich im Laufe der 
seit langem ungestorten Entwicklung des Landes, unt erst tit zt von seiner 
edaphischen und klimatischen Mannigfaltigkeit, herausgebildet haben. 
Hier kann sich also ein alter Endemismus {Archangiopteris, Neocheiropteris, 
Dipteris u.a.) mit einem reichen progressiven {Polystichum,. Poly podium s. 
lat. Cheilanthes, Dryopteris u.a.) zusammenfinden. Christ schatzt, dass die 
Annahme von 800 Farnarten in China nicht zu hoch gegriffen sei. Von 
diesem Reichtum gehen hach alien Seit en Ausstrahlungen, reichlich nach 
Westen, dem Fusse des Himalaya entlang, auch nach Osten in das be- 
nachbarte Japan, weniger bis zu den Philippinen, Borheo und Java. Die 
erh eblich armere Farnflora Japans hat ihren eigeiien Zusammen hang mit 
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dem malayisclien Archipel iiber die Liukiii-Inseln uiid Formosa; auf 
Sachaiin und Korea, wohl auch anf Jeso, mischt sich die Farnflora des 
nordlichen Waldgebietes mit den japanisclien Typen. Der Fariiende- 
mismus Japans ist wesentlich ein Neuendemismus, der sich an die chi- 
nesische Flora anlehnt. Die Halbinsel Korea hat vorwiegend eine japa- 
nische Farnflora, nur im Gebirge und im Norden ein nordasiatisches Ge- 
prage. 

4. Die indisch-malayische Farnflora umfasst das gauze 
Monsungebiet der alt welt lichen Tropen bis nach Hawaii und den ost- 
lichen Gruppen der polynesischen Inself iur und ist trotz dieses gewaitigen 
Umfanges eine geschlossene Einheit. Ihrem Reichtum, der sich nach den 
Randern zu allerdings abschwacht, ist nur die Fiiile der tropisch-ameri- 
kanischen Farnflora zu vergleichen. Allein das Zentrum des Gebietes, 
die insulare Malaya samt der Halbinsel Malakka, weist heute sicher weit 
Tiber 1500 Arten auf. Vorderindien entbehrt, sogar in seinen klimatisch 
bevorzugten Teilen, wo auch ein schwacher Endemismus waltet, vieler 
bezeichnender malayischer Leitfarne, wahrend ein namhafter xerophiler 
Anted meist afrikanischer oder aus Amerika fiber Afrika gewanderter 
Arten eindringt. Die trockene Nordhalfte Ceylons teilt noch den verarmten 
und afrikanisch-xerophytischen Charakter des Dekkan-Plateaus. In dem 
Hochwald der Insel wiederholt sich die Farnflora der feuchteren sudlichen 
Gebirge Vorderindiens, aber mit starker Bereicherung an echt malayischen 
Formen. 

Den Himalaya-Abhang, besonders Sikkim, Assam und die ziim chi- 
nesischen Plateau auf steigenden oberen Flusslaufe von Obertonkin, Ober- 
Annam, Yfinnan, soweit sie mit tropischem Regen walde erfilllt sind, be- 
zeichnet Christ als die Nordgrenze der indisch-malayischen Farnflora. 
Hier mischen sich in den eisernen malayischen Bestand merklich chinesF 
sche Elemente, und ein deutlicher Endemismus macht sich geltend, der 
im oberen Regenwalde von Yfinnan durch sehr alte Typen gekennzeichnet 
ist (vergl. S 456). Nach Nordwesten zu, bei Simla, ist die Farnflora recht 
verarmt und natiirlich xerophil betont. 

Der sfidlichste Rand Chinas, also Honkong und die nahen Taimoschan- 
Berge des Festlandes, gehort vorwiegend zur indo-malayischen Flora. 
Formosa, dessen grossere nordliche Halfte schon ausserhalb der Tropen 
liegt, hat in seinen waldigen Gebirgen eine reiche, in ziemlich gleichen 
Teilen aus malayischen und chinesischen Elementen gemischete Farnflora. 
Der Endemismus dieser Kontinentalinsel ist neu und ebenfalls jenen beiden 
Floren angelehnt. In Tonkin, Sfid- Annam und Siam ist der malayische 
Einfluss herrschend. 

Die ganze Fiiile der malayischen Flora findet sich auf der Halbinsel 
Malakka, an deren Siidspitze die archaistische Farnkolonie des Mt. Ophir 
hervorragende Endemen beherbergt ; vieles davon ist Borneo gemeinsam, 
jener grossten der Sundainseln, von der allein weit fiber 800 Arten und 
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Varietaten von Farnen, z.T. ausgezeichnete Endemismen, bekannt sind, 
ferner wohl ein Dntzend Lycopodium-Arten und etwa 20 Selaginella, davon 
beinalie die Halfte endemisch. In dieser fast aller xerophilen Element e 
eiitbebrenden liygrothermen Flora bergen selbst die hoheren Gebirgs- 
stnfen nur wenige boreale Formen. Das anstrale Element zeigt sicli in 
Spuren. Sumatra scbliesst sich auch in seiner Farnflora der Malayischen 
Halbinsel eng an, weist fast nur weit verbreitete Arten und wenige En- 
demen auf. Java ist in seinem immerfeuchten Westteil viel reicher, vor 
allem auch an Baumfarnen; sein Endemismus ist malayischer Neuendemis- 
mus- In dem trocknen Ostjava treten die Fame sehr zuriick. Ostliche 
Typen sind im ganzen auf Java noch selten. 

Anders ist es schon auf Celebes. Der Grundstock der Farnflora ist auch 
liier eine rein malayische Auslese, doch bestehen hervorragende Bezie- 
hungen zu Polynesien und Melanesien, zu dem eine ganze Flur von Inseln 
hinuberleitet. Uber die schmaie Briicke von Celebes fiihrt dieser Wander- 
zug welter nach den Philippinen, wo sich der Artenreichtum der ma- 
layischen Farnflora mit mehr als 600 Arten wiederum zu einem Hohepunkt 
steigert. Selaginella ist mit etwa 30 Arten vertreten, von denen nur der 
siebente Teil liber die Inselgruppe hinausgeht. Besonders ausgezeichnet 
ist die Farnflora der Philippinen durch die grosse Einheit des ganzen 
Archipels, in dem sich auch die leitenden, z.T. hochst originellen endemi- 
schen Arten liber die ganze Inselgruppe hin erstrecken. Abgeleitete For- 
mengruppen oder -kreise um eine pragnante Art sind, wie bei gewissen 
Bllitenpflanzen, z.B. Elatostemay 2 .ui den Philippinen eine haufige Er- 
scheinung. Der Austausch ihrer Flora mit Borneo ist gering, ebenso mit 
Formosa. Die Bergregion besitzt einen reicheren Anteil kontinentaler 
Arten aus der chinesisch-japanischen Flora. Australische Einstrahlungen 
sind wohl starker als auf den Sundainseln. 

Fiir Neu-Guinea, das auch heute noch langst nicht eingehend erforscht 
ist, gab Brause bereits 1921 fast 1000 Farnarten an, von denen rund 
600 — hauptsachlich Bergarten — ais endemisch bezeichnet wurden. 
Eine der bemerkenswertesten ist die raonotypische G^itixxng PapuapteriSy 
eine hochalpine Pflanze, die noch die Jamesonien der Anden hinter sich 
lasst. 250 Arten kommen zugleich in der Malaya vor ; iiberhaupt hat die 
Farnflora von Neu-Guinea ein entschieden malayisches Gesicht, Ferner 
bestehen starke Beziehungen zu den Philippinen, Polynesien, Indien und 
Ceylon, Neu-Caledonien und Australien, schwachere zu China-Japan 
und Formosa. Die Gattung Selaginella wies 1921 bereits 58 Arten (48 
endemisch) auf, Lycopodium 22 (7 endemisch). An Neu-Guinea schliesst 
sich Nor dost- Australien eng an, 

Aus Neu-Caledonien strahlt eine Menge von xA.rten nach den Neu-He- 
briden, Viti und Samoa aus; die Insel ist der Brennpunkt des polynesisch- 
melanesischen Bezirkes der malayischen Farnflora, mit einem ,, hochst 
kraftigen und dabei (wegen der tiefen und reichlichen Blattfiederung) 
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bizarren Endemisrmis”. Diese Variante der malayisclien Farnflora ist 
diirch eine Anzahl ur alter xerophytisch. veranlagter Typen charackte- 
risiert. Bedeutend ist schon die Einstralilung neuseelandiscii~£mstraiisclier 
For men. Schizaea fishilosalibmiie man fast zirkumantarktiscli nennen. — 
Von den etwa 130 Farnarten der Neu~Hebriden siiid die allermeisteii 
neucaledonisch und ostmalayiscli; daneben ist ein schwacher Keoende- 
mismus zu erkennen. — Viti, der grosste mid zugleicli zentralste der po- 
lynesischen Archipele, hat — besonders auf der feuchteii Passatseite — 
eine weniger origineile Farnflora als Neu-Caledonien, und viele ilirer 
eigenttimlichen Arten teilt die Viti-Gruppe noch mit Samoa. Dem ext re- 
men aquatorialen Regenwaldklima Upolus entspricht die energische 
Stammentwicklung auch bei sonst stammlosen Gattungen. Trotz der sehr 
artenreiclien Farnflora der Samoa-Inseln sind diese doch kein Floi'en- 
zentrnm, sondern ein Sammelpunkt allgemein in dieser Inselflur ver- 
breiteter ostmalayischer Arten. Der nicht sehr bedeutende Endemismus 
ist neogen. Tahiti, durch ungeheure, nur hoclist liickenhaft von Atollen 
durchsetzte Zwischenraume von der Malaya getrennt, weist dennoch eine 
durchaus malayische Farnflora, mit einigen eigenartigen Endemismen auf. 

Wenn irgend einer Inselgruppe, so gebiihrt der von alien Festlandern 
mid grdsseren Inseln weit abliegenden Hawaiischen die Bezeichmmg 
ozeanisch. Da ausserdem die vulkanischen Gebirge 3000 m liber st eigen, 
ist ihre Earn welt ausserordentlich reich. Ubermachtig ist der Endemismus 
alter Typen, die aber keine Monotypen sind, sondern sich durch einen 
neueren Entfaltungsprozess in Formengruppen auflosen, so dass fast 3/4 
aller Gefasskryptogamen von Haw^aii Endemen sind. Die dazwischen noch 
auftauchenden fremden Arten sind fast durchweg pantropisch oder doch 
tropenvag und scheinen — auch die amerikanischen — den Weg hierher 
liber die alt e Welt gefunden zu haben. 

5. Die a u s t r a 1 i s c h - n e u s e e 1 a n d i s c h e Flora. — Wah- 
rend die Nordostspitze Australiens noch voll der malayisclien Flora an- 
gehort, und in den Trockengebieten seines Inneren und des Siidwestens 
die Pteridophyten bedeutungslos sind, ist das temperierte Regenwald- 
gebiet Ostaustraliens, Tasmanien und NemSeeland mit Auckland- und 
Campbell-Insel zu einer Floreneinheit zusammenzufassen, in der iiber- 
raschenderweise trotz der slidlichen Eage nicht nur eine der lippigsteii 
und massigsten, sondern auch systematisch interessantesteii Farnfloren 
auftritt, ein „Farnmikrokosmus'', wie Christ Neu-Seeland neniit. Die 
Ursache liegt in der liberaus feuchten Atmosphare und der flir solche 
Breiten ungewohnlichen Ausgeglichenheit des Klimas. Xerophyteii treten 
hier natlirlich ganz zurlick. 

Dieses Florenreich, in Sonderheit Neu-Seeland, weist reichliclien i\it en- 
demismus auf; nicht wenige seiner Formen streifen in die w^estlichc Halb- 
= kugel Oder doch bis Siid-Afrika hinliber: zwei Hinweise darauf, dass die 
australisch-neuseelandische Farnflora: (wie die entsprechende Phanero- 
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gamenflora) das „Relikt einer grosseren Siidfiora ist, die ziir Tertiarzeit 
Oder friiher sich ausbildete, ausstrahlte und jetzt noch die ozeanischen 
Pnnkte besetzt halt, die ihr klimatisch ihre Existenz sichern’h (9). 

6. Die t r o p i s c h “ a f r i k a n i s c h e Farnflora der Waidgebiete 
ist arm und ebenso eintonig-gleichartig, wie das Land orographisch und 
klimatisch homogen ist ; „localisierte Seltenheiten scheint es im schwarzen 
Kontinent nicht zu geben'' (9). Trotz eines sparlichen Altendemismus und 
ziemlich gut entwickelten, allerdings auf wenige Gattungen beschrankten 
Neoendemismus bietet das tropische Afrika nicht das Bild eines Zentrums, 
sondern einer Kolonie, die von der Malaya und Siidamerika ausspat und 
sparlich besiedelt worden ist. Eine spezifische Einwirkung in umgekehrter 
Richtung ist kaum zu spuren. Selbst die Hochgebirge des tropischen 
Afrika ermangeln in ihrer nach oben hin an tropischen Element en im- 
mer mehr verarmenden Farnflora der Fulle und Originalitat, bis auf die 
bedeutende Beimischung aus der siid- und randafrikanischen xerophilen 
Gebirgsflora. 

7. Die afrikanische Slid- und Randflora ist an Pteri- 
dophyten nicht minder reich und originell als an Bliitenpflanzen. Und wie 
sich die sudafrikanische Phanerogamenflora von der tropisch-afrikanischen 
aufs scharfste unterscheidet, so auch die Farnflora. ,,Nichts kontrastiert 
energischer mit den frondosen, breit angelegten Gestalten der Waldflora, 
als die xerotherm eingestellten Felsen- und Buschheidefarne, als die halb, 
ja vollig desertisch ausgestatteten kleineren, kompakten Arten mit po- 
lierten Spindeln und zottiger Bekleidung, Bewohner eines Klimas und 
einer Unterlage, die ebenso trocken sind wie das tropische Tiefland 
feucht, ebenso gebirgig wie das. Kongobecke tieflandisch"' (9). Und wie 
jene phanerogame Xerophxt^nflora Siidafrikas zugleich die Randflora 
des Kontinent es darstellT, die xiberail da, wo das Randgebirge heute noch 
vorhanden ist, zutage tritt und erst im Mittelmeergebiet ausklingt, so 
auch die Fame der Siid” und Randflora, von denen einzelne noch langs der 
atlantischen Kiiste bis Island liinauf und weiter zu verfolgen sind. 

Auch auf den Kranz der Inseln, die im Osten und Westen das afri- 
kanische Festland umgiirten, zeigen sich deutliche Reste der altafrikanischen 
xerophytischen Randflora. Im Osten erweist sich ihre Expansivkraft so 
stark, dass sie mit einzelnen bezeichnenden Arten bis nach Arabien, Vor- 
derindien und sogar China und Java iibergreift ; auch im Norden erstreckt 
sie sich weit nach dem gemassigten, ja kiihlen Europa. Der Gesamtcha- 
rakter dieser Inselfloren hat freilich seine eigene Auspragung, meist als 
deutlicher Mischcharakter. Sehr genau ist uns heute durch die Bearbeitung 
C. Christensens die Mascarenen-Region mit ihrem Kernstiick Madagaskar 
bekannt. Von den rund 500 Pteridophytenarten dieser Insel sind 232 
(46, 3 %) endemisch, da-von etwa 40 ohne nahere Beziehungen zu Nach- 
barfloren. Fiir den ganzen Archipel (Madagaskar, Comoren, Mascarenen, 
Seychellen) erhdht sich die Zahl der Endemen noch um annahernd 60. 
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Demgegeniiber finden sich etwa ein Dutzend kosmopolitiselie und etwa 
20 pantropische Arten. Das afrikanische Element steuert etwas melir als 
100 Arten bei (davon beinahe 30 sudafrikanisch) ; fast genaii soviele das 
,,6stliche’’ Element (Afrika und dem trop. Asien, besonders der ]\Ialaya, 
viele auch der Polynesia gemeinsam); etwa 25 das ,,westliche’' (afrika- 
nisch-amerikanische) Element und etwa 10 das ,,sudliche'' Element, d.h. 
Arten der siidlichen temperierten Zone. Die vier atlantisclien Archipele 
im Nordwesten Afrikas (die Canaren, Madeira, die Azoren und Kapverden) 
beherbergen in ihren holieren Gebirgen mehrere mitteleiiropaische iind in 
den tieferen Lagen zahlreiche Mittelmeerfarne. Einige Arten gehoren der 
afrikanischen Randflora an. Die Kapverden haben noch tropische Formen, 
bis zu echten Epiphyten. Die grosse Zalil endemischer Fame entspricht 
der hohen Selbstandigkeit der atlantischen Flora iiberhaupt. 

Die kleineren ozeanischen Inseln im Westen der Siidhalfte von Afrika 
„haben von jeher durch ihre, wie von alien Winden zusammengewelite 
Flora die Aufmerksamkeit auf sich gezogen'' (9). Die Farnflora von Ascen- 
sion ist palaotropisch, iiberwiegend afrikanisch. St. Helena nennt Christ 
,,ein Wunder von Endemismus” (darunter wenige Altendemen). Sonst 
ist die Farnflora der Insel deutlich alt afrikanisch, mit sehr heterogenen 
ozeanischen Einflussen, auch einigen amerikanischen Beimengungen. Das 
von Baker behauptete Uberwiegen des amerikanischen Eiementes auf 
Tristan da Cunha lehnt Christ ab; nach ihm ist die Farnflora auch hier 
im ganzen afrikanisch mit sparsamem antarktischen und noch schwache- 
rem trop. -amerikanischen Einfluss. 

Die Gr uppe St . Paul — N eu- Amsterdam, die z war dem australischen 
Festlande naher als dem afrikanischen liegt, hat von den Mascarenen doch 
noch geringeren Abstand, woraus sich der Mangel an klaren Beziehungen 
zur australisch-neuseelandischen Farnflora und der (indirekte) Einfluss 
der siidafrikanischen erklart. Ausserdem sind antarktische, maiayische 
und trop.-subtropische amerikanische Einschlage bemerkbar. 

8. Die mexikanisch-kalifornische Farnflora umfasst 
das ausserst xerophytische Hochland von Mexiko mit seinen Gebirgen, 
ohne die tropischen GalleriewMder, und klingt nach Nordwesten durch die 
Chap arales von Neu-Mexiko und Arizona in Kalifornien aus. Haupt- 
sachlich auf dem inneren mexikanischen Plateau entfaltet sich bis auf die 
dlirrsten Standorte eine der eigenartigsten Floren der Welt, in der die 
Fame fast durchweg nur mit stark xerophiien, vielfach neuendemischen 
Arten vertreten sind. Zwergiger Wuchs, drahtartig starre Aiisbildung, 
Beschuppung, Haarbekleidung oder Wachsbelag, lederig-dickes Blatt- 
gefiige tret en als Verdunstungsschutz mit oder fur einander auf; einzelne 
Arten leben hier noch epiphytiseh. Diese mexikanische Flora herrscht 
auch in Arizona, Neu-Mexiko und auf der sudkalifornisehen Halbinsel; 
„aber auch Kalifornien bis etwa zum ’43°. nordliGher Breite, bis an das 
Wddgebiet Oregons hinauf, ist dieser xerophiien Flora untertaiF’ (9). 


470 


HUBERT WINKLER, GEOGRAPHIE 


Die meisten Waldfarne Nordost-Amerikas fehlen hier. In entgegengesetzter 
Richtung aber dringen zahlreiche Xerophytenformen der mexikanisch- 
kalifornischeii Farnflora bis ins Innere von Nordamerika vor. 

9. Der tropisch-amerkanischen Farnflora ist ein Reich- 
tum der Gestaltung eigen, der dem malayischen kaum nachsteht, auch an 
Starke des Endemismus nicht. Wenn auch die Neotropen solcher Kraftge- 
stalten wie der Drynarien und Platycerien fast oder ganz entbelireig so 
weist die Gattung Pteris in Siidamerika Riesenformen auf, wie sie in der 
Malaya bei dieser Gattung nur selten zu finden sind. Die neotropische 
Farnwelt hat „einen Charakter der Frondositat, eine Tendenz zu moglichst 
grossen, breiten und dabei reichgeteilten Blattspreiten, welche von Jeher 
die Reisenden begeistert hat’’ (9), 

Am weitesten nordlich erstreckt sich die geschlossene tropisch-ame- 
rikanische Waldflora in Mexiko, dessen offenes Binnenland von zahl~ 
reichen Schluchten mit tropischem Galleriewald durchsetzt ist. In diesen 
ist eine Menge von Farnen vertreten, die allgemein durch das tropische 
Amerika bis Brasilien und zu den Antillen gehen. Keines der tropisehen 
Gebiete Mexikos sondert sich farnfioristisch heraus ; der atiantische 
und der pazifische Abhang des Hochiandes sind wenig verscliieden. Etwa 
der vierte bis dritte Teil der Arten mogen endemisch sein. Im Suden geht 
diese Flora durch das waldige Chiapas nach Guatemala uber, das prag- 
nanter Endemen fast ganz entbehrt, und erlischt im wesentlichen in der 
tiefen Depression Nicai'aguas. 

Dagegen ist die Landenge von Costarica mit ihren mehr als 3000 m 
hohen Vulkanen durch die feuchten Luftstromungen zweier Meere hoch- 
begunstigt. Das fordert so machtigen Wuchs der Fame, wie er sonst in der 
Neuen Welt nicht wieder erreicht wird. Die Arten des Regenwaldes, die 
schon einen star ken Einschlag aus Siidamerika bekommen, sind bis in 
die Hohen hinauf massgebend; nur in einer mittleren Lage bei San Jose 
und Karthago treten Xerophyten auf. Zur andinen Flora steht eine erheb- 
liche Zaht z.T. nivaler Formen der hohen Gebirgsgipf el in Beziehung. 
Einigermassen ist auch noch antiliischer Einfluss spiarbar. Docli ist Costa- 
rica auch die Statte eines ,,glanzenden, allgegenwartigen” Endemismus 
zum Teil mit hervorragenden Archaeotypen. ,,Es durfte kaum ein Land 
im tropisehen Amerika gefunden werden, in welchem sich so viele Floren- 
bestandteile von Grenzgebieten neben so viel endemischen Farnen zu- 
sammendrangen” (9), 

Westindien, durch die kleinen Antillen und Trinidad mit dem Festlande 
in Verbindung, bietet einen wahren Inbegriff der tropisch-amerika- 
nischen Farnflora dar. Christ spricht von der ,,relativen Vollstandigkeit 
an tropisch-amerikanischen Arten, die Westindien besitzt”. All e grossen 
und viele kleinen Inseln dieses Archipels sind gebirgig; die Gebirgssippen 
sind neben manchen andinen Arten vielfach Endemen. Uberhaupt ist 
der Farnendemismus Westindiens nicht auffallend gering, wie Grisebach 



HUBERT WINKLER, GEOGRAPHIE 


471 


meinte. Die Farnflora der gaiizea Inselgruppe ist reclit liomogen, ein Zug, 
der stark an die Pliilippinen erinnert (vergi. S. 466). Das Zentriim der antil- 
lischen Farnflora ist nach neueren Nadiweisurigen Urbans und Chris- 
tensens nicM Jamaika, wie Christ angenommen hatte, sondern ohne 
Zweifel Hispaniola mit etwa 650 Arten. Die Farnflora von Jamaika und 
Siidost-Kuba ist freilicli nur wenig armer und auch selir alinlich, aber die 
Gebirge Hispaniolas haben einen hoheren Prozentsatz andiner Arten. 
Weniger Besonderbeiten bietet Portoriko. 

Auf der Halbinsel Florida, die nicht in die Tropen hiiieinreicbt, kommt 
doch eine reichliche Auswalil allgemein verbreiteter tropiscli-amerika- 
nischer Fame vor, die alle auch in Westindien vorhanden sind. Doch 
wachsen sie nicht auf der Ostseite der Halbinsel, die durcli eine Inselflur 
mit Westindien verbunden ist, sondern in den Hammocks der Westkiiste, 
den zwischen Nadelwald eingestreuten Laubwaldkomplexen, Wenige 
Arten tropischer Herkunft gehen bis Alabama, Texas und in die mittleren 
Staaten der Union hinauf. 

Die tropische Farnflora des ungegliederten sudamerikanischen Kon- 
tinents ist — wie die des allein vergleichbaren Afrika — im ganzen 
ziemlich homogen, von Guayana bis Rio Grande do Sul, Paraguay und dem 
nordlichen Argentinian, Eine Oase mit reicher Eigengestaltung der 
Farnflore — wie seiner Flora iiberhaupt — - stellt das orographisch und 
klimatisch ausgezeichnete Gebiet des Roraima- und Duida-Gebirges dar; 
es sei nur eine so eigentiimliche Form -wie Eymenophyilop sis 
Dem Farnwuchs wenig giinstig ist die grosse Hylaa. Iliren periodi- 
schen Uberschwemmungen sind einige Gruppen der Gattung 
Polypodium-Aiten durch Kletterwuchs angepasst, Selbst in dem 
bereits subandinen Bolivien ist die Trivialitat nur wenig gemiidert : 
kaum ein Sechstel des Artbestandes, noch dazu allgemein-neotropischen 
Gattungen angehorig, ist endemisch, Im immergriinen Walde der gebir- 
gigen Kustenprovinzen Siidbrasiliens kommt eine bedeutende Zahl cha- 
rakteristischer Arten hinzu, zum Teil Ausstrahlungen der andinen Flora 
Oder bereits Vert ret er der sudlichen gemassigten Fazies. In Paraguay 
erfahrt die tropische Farnflora wegen der sudlichen Lage und der ge- 
ringen Erhebung des Landes eine ,,fast normal zu nennende Abschwachung” 
(9), die in Nordargentinien ganz allmahlich zum Erldschen fuhrt. 

10. Die s ii d b r a s i li a n i s c h e Camp os flora zeigt noch- 
mal eine wunderbare xerotherme Anpassung. In die Senkungen, besonders 
mit Waidbestand, ist eine immer noch stattliche Zahl von Regenwald- 
farnen vorgedrungen und in die Hochgebirge ein gewisser andiner Be- 
standteil. Zur eigentlichen Camposflora gehort vor allem die extrem 
xerophile Gattung Anemia, die hier eines ihrer Zentren hat, ebenso wie 
Doryopteris, 

1 1 . Die Andenflora. Wahrend durchaus nicht alle Hochgebirge 
der Tropen eine eigene Farnflora hervorgebracht haben, hat die der 
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Anden, die nordwarts bis Costarica und Mexiko, seitlich bis Sudbrasilien 
und Westindien vorgedrungen ist und im tiefen Sliden in die antarktische 
Flora iibergeht, eine besondere Pragung. Stellenweise geht zwar die ame- 
rikanische Waldflora bis in die subalpine Stufe hinein, und es fehlen nicht 
einige kleine nordamerikaniscbe Asplenium-hiien, mit ,A. viride und 
Trichomanes verwandt. Die eigentlichen Andenfarne aber sind ausserst 
eigenartig, aufs sciiarfste angepasst an das hochalpine, ja nivale Klima. 
Eine der charakteristischsten Gattungen ist Elaphoglossum mit einfachen, 
zungenformigen, in der Hochregion grundstandigen, durch alie Mittei 
xerophii ausgestaiteten, meist starr lederigen Blattern, Von ihrem an- 
dinen Hauptgebiet strahlt sie nicht nur liber die Hochlander Amerikas 
(ausgenommen Kalifornien und die Vereinigten Staaten), sondern liber 
Afrika bis tief nach Polynesien in identischen oder homologen Arten aus: 
„ein energisch sich ausdehnendes, weil trefflich ausgerlistetes GeschlechP' 
(9). Jamesonia, Gymnogramme, Cheilantkes, Aneimia, Notholaena, Pellaea, 
seien noch genannt. Dass auch die Farnflora eines so langen, durch alle 
Breiten der Slidhalbkugel hingestreckten Hochgebirges nicht gleichartig 
ist, bedarf kaum einer Erw^hnung, 

1 2. Die slidchilenische Farnflora entfaltet sich in dem sehr 
regenreichen Gebiete slidlich des 37. Breitengrades zu ausserordentlicher 
Uppigkeit. Echte Baumfarne werden aller dings durch Blechmm mit meter- 
hohen Stammen ersetzt. Einige Arten sind iiier endemisch, andere, denen 
sich Gleichenia hinzugesellen, gehen bis in den tiefen antarktischen Sliden 
hinab. Durch einige Polystichum- und Asplenium-hiitn hangt die slid- 
chilenische Flora mit der neuseelandisch-australischen zusammen. 
Nirgends in Slidamerika ist die Gattung Hymenophylhim so vielfaltig; 
von ihren Arten ist etwa die Halfte endemisch. Trotz ihrer um mehrere 
Breitengrade nordlicheren Lage einer trockenen Festlandkiiste gegenliber 
schiiesssen sich die Juan Fernandez-Inseln dem feuchten valdivischen 
Florengebiet an. Doch kommen Baumfarne vor, hauptsachlich die alten- 
demische verzweigte Dicksonia Berteroana und die uralte, auf Masafuera 
beschrankte Thyrsopteris elegans, die einzige Art ihrer Gattung, mit zu- 
weilen mannesstarkem Stamm. 

13. Die antarktische Farnflora lasst sich bei der weiten Zer- 
streuung der winzigen, von Pflanzen bewohnbaren Landreste des ehema- 
ligen antarktischen Kontinents mit der des Hohen N or dens nat Mich 
nicht vergleichen; kaum 10 Arten spricht Christ wirklichen antarktischen 
Charakter zu, vor allem Blechnum tahulare und B, penna mmina\ Poly- 
stichum mohrioides ; Polypodium australe; Schizaea australis und fistulosci , 
die aber fast alle nach Norden die Grenze der Antarktis weit liberschreiten. 

Der M e n s c h hat dutch Zuruckdrangung des Waldes in weitem Masse 
e i n s c h r d n k e n d auf die Verbreitung der Pteridophyten, besonders der 
Fame, gewirkt. A ii t h r o p o c h o r e Fame gibt es nur sehr wenige und in 
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sehr beschranktem Umfange: istein Unkraut der Reisf elder ; in 

Costarica findet sich auf den Ziegeldachern eine merkwlirclige Pflanzen- 
gesellschaft zusammen, zu der auck einige 'Polypodiiini-hrien gehoreii 
(9, S. 333). In Europa hat urspriiiig- 

licli Feisenpfianze, in Mauerritzen eine weite kiinstliclie Verbreitung 
gefnnden. Eqtiisetumt arvense \md pahtstre sind als Unkraiiter fast Kos- 
mopoliten geworden. (Vergl. S. 394). 


Chapter XV 


GEOGRAPHIE UND ZEITLICHE VERBREITUNG DER FOSSILEN 

PTERIDOPHYTEN 


von 

Max Hirmer (Munchen) 

Bei der Beurteilung der geographischen Verhaltnisse der vorzeitlichen 
Pflanzenwelt ist es eine selbstverstandliche Notwendigkeit, gleichzeitig die 
stratigraphische d.h. zeitliche Aufeinanderfolge ins Auge zu fassen. Nicht 
selten haben ja Pfianzen oder Pflanzengruppen zu gewissen Zeiten der Erd- 
geschichte eine mehr oder minder weite Verbreitmig liber die Erdoberfla- 
che besessen, um in Laufe der Erdepocben allmahlich auf ein mehr oder 
minder beschranktes Areal zuriick gedrangt zu werden. 

Was in Hinblick anf die geograpliischen Verhaltnisse der fossilen Pflanzenwelt 
derzeit das brennendste Problem ist, ist der Umstand, dass wir bis ins Alt-Terti§,r 
liinein verfolgen konnen, dass eine Pflanzenwelt von siibtropischem bis warm-tem- 
perierten Charakter sich bis in hohe nordliche Breiten ausgedehnt hat, und dass 
weiterhin fossile Pfianzen anch aus Gebieten bekannt sind, die heutigentags der 
Antarktis angehoren. Wenn auch an dieser Stelle darauf naher einzugehen nn- 
moglich ist, so muss doch auch hier betont werden, dass eine grosse Menge Tat- 
sachen in betreff der geographischen Verbreitung der fossilen Pflanzenwelt, die 
noch vor wenigen Jahren unverstandlich erschienen, heute begreiflicli werden, so- 
bald man die WEGENER’sche K o n t i n e n t a 1-V e r s c li i e b u n g s-T h e o r ie 
ins Auge fasst. 

Hier sei in diesem Zusammenhang nur beispielsweise hingewiesen auf die voll- 
kommene Gleichformigkeit der Pflanzenwelt von Beginn des Auftretens der ersten 
Landpflanzen im Obersilur bis zum Erloschen der Psilophyten-Flora zu Ende des 
Mitteldevons und weiterhin auf die ebenso grosse Gleichformigkeit der oberdevoni- 
schen und unterkarbonischen Floren, ganz gleichgultig, ob man die Florenraume 
Europas und Nordamerikas sowie Sibiriens und Ostasiens oder Sudamerikas, Siid- 
afrikas und Australiens ins Auge fasst. Die enorme Gleichformigkeit, sie sich aber- 
mals gegen Trias-Ende und zu Beginn der Jura- Zeit wieder in der Geschichte der 
vergangenen Pflanzenwelt bemerkbar macht, sei gleichfalls hier hervorgehoben. 
Desgleichen die bis in die Arktis reichende Ausdehung subtropischer bis warm- 
temperierter Pfianzen noch bis zum Ende des alteren Tertiars, 

Nicht zuletzt spricht ein gewichtiges Wort zugunsten der genannten Theorie die 
Tatsache der Gleichformigkeit der Floren der heute sudhemispharischen Gebiete 
von Siidamerika, Afrika und Australien niit der Pdora Indians vom Ende der Kar- 
bonzeit und durch das ganze Perm und das Mesozoikuni hindurch, 

Wenn bis jetzt die ehedem auf der Erde und vor allem zu gewissen Zeitepochen, 
vorhandene und — gemessen an den heutigen Verbaltnissen — fast unverstandliche 
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Gleichformigkeit del* Pflanzenwelt im Bereich weitester Erdgebiete liervorgehoben 
wiirde, so muss doch andererseits auch darauf liingewiesen warden, dass sich. z.B. 
sclion im jiingeren Palaeozoikiim, etwa von Beginn, vor allem aber von Ende des 
Oberkarbon ab zweifellos eine AnzaM Florenprovinzen herausmodelliert Ixaben, die 
allerdings spater, vor allem gegen Trias-Ende zufolge der sclioii oben erwahiiten 
Gleichformigkeit wieder sehr strak verwischt warden sind. Es muss auch weiterhin 
noch darauf hingewiesen werden, dass, wenn auch in der Oberkreide imd im Alt- 
Tertiar — wie weiter oben schon bemerkt — eine subtropische bis warm gemassigte 
Pflanzenwelt sich welt nach Norden hin, ja selbst bis ins Gebiet der holien Arktis 
hinein aufdecken lasst, dennoch meridional bereits eine Differenzierung vor 
sich gegaiigen zu sein scheint. 

Soviel iiber allgemeine Probleme der Msto:ischen Pflaiizengeographle. 

Fur die im folgenden des naheren darzustellenden pflauzengeographi- 
schen Verhaltnisse der fossilen P t e r i d o p h y t e n sei als besonders 
wichtig nochmals zusammengestellt : 

I. Die erdweite Gieichmassigkeit der Pflanzenwelt vom Pteridophyten- 
Beginn (Obersilur) bis zum Ende des Unterkarbons. 

II. Dass im Oberkarbon und vor allem kurz vor Beginn der Permzeit 
sich zweifellos eine Anzahl, in ihren Elementen deutlich voneinander ver- 
schiedene Florenraume heraus gebildet haben, namlich 

1 . Der euramerische Fiore n ran m, umfassend Nordameri- 
ka und Europa. 

2. Der A n g a r a-F 1 o r e n r a u m, beginnend im Westen mit den 
Gebieten der Dwina und Petschora fiber den Ural hinweg bis in die Gebiete 
des Amur und Ussuri, mit einer siidlichen Grenze im Gebiet des Russischen 
Tarbagatai und sudiich der grossen Kohienbecken von Kusnetzk und 
Minussinsk. 

3. Der Cathaysi a-F 1 o r e n r a u m, umfassend die Gebiete von 
Shansi und Korea in Ostasien, seine typische Pflanzenwelt im obersten 
Oberkarbon und im Unterperm entwickelnd. Diesem Florengebiet durfte 
auch noch Sumatra zugehdren, woven eine Flora aus der Zeit des stephani- 
schen Oberkarbons bekannt ist. 

4. Der G o n d w a n a-F I o r e n r a u m, umfassend die Gebiete des 
mittleren und siidlichen Siidamerika iiebst der Antarktis, ferner Slid- und 
Mittelafrika, sodann Indien sudiich des Plimalaya-Bogens und Australien 
nebst Tasmanien und Neuseeland. 

III. Wenn die Florenelemente des Gondwana-Raumes zu Ende der Kar- 
bon- und wahrend der Permzeit im wesentlichen auf die gerade oben ge- 
nannten Gebiete beschrankt waren und sich zu dieser Zeit lediglich noch 
Beziehungen zur Flora des Angara-Raumes aufdecken lassen, so ist kein 
Zweifel, dass vom Beginn der Trias an ein Hereinstrdmen der Gondwana- 
Eiemente in das euramerische Gebiet statt hatte, wie umgekehrt auch ein 
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Wandern von Pflanzen ans dem euramerischen Florenraum nach den 
Gondwana-Gebieten unverkennbar ist. 

Was die Belegung der hier skizzierten Grundlinien der pflanzengeographischen 
Verhaltnisse der ausgestorbenen Pflanzenwelt betrifft, so ist klar, dass die hier 
gemachten Angaben immoglich allein an Hand der pflanzengeopgraphischen Ver- 
haltnisse der Pteridophyten heransgeschalt werden kdnnen und in ihr voiles Licht 
erst kamen, wenn neben der Darstellung der Verhaltnisse bei den Pteridophyten 
auch die primitiveren Gymnospermen-Gruppen herangezogen werden konnten. 

Die folgende Uebersicht beschrankt sich im allgemeinen auf eine systematische 
Aufzkhlung der Pteridophyten- Gattungen unter Angabe ihrer zeitlichen nnd geo- 
graphischen Verbreitung^). 

Es ist dabei selbstverstandlich, dass die fossile Pflanzenwelt des euramerischen 
Pflanzenraums wesentlich besser bekannt ist als die der tibrigen Erdteile. Um aber 
ein klares Bild davon zu geben, welche Pflanzen in den Angara-, Cathaysia-, und 
Gondwana-Florenraumen massgebend gewesen sind, sind einige diese Raume be- 
treffende listenfdrmige Zusammenstellungen der systematischen Uebersicht an- 
geschlossen. 

Von der sehr grossen in Frage kommenden L i t e r a t u r sei in ernster Linie 
auf die glanzende Darstellung von A. C. Seward: „Plant Life through the ages/' 
verwiesen. Was neuere Verdffentlichungen iiber n i c h t-euramerische Florenrau- 
me betrifft, seien genannt die Arbeiten von B. Sahni fur Indien, von A. B. Wal- 
KOM fiir Australien, von A. L. Du Toix fiir Afrika, M. Zalessky fiir den Angara- 
Raum, von T. G. Halle und S. .Kawasaki fiir das Cathaysia-Gebiet, von W. J. 
JoNGMANSund W. Gothan fiir Sumatra. Zusammenfassende Darstellungen finden 
sich in einigen der Abschnitte „Palaobotanik" (v. M. Hirmer) in „Fortschritte 
der Botanik". Zusammenfassende Darstellungen iiber den euramerischen Floren- 
raum sind fiir das Palaeozoikum in erster Linie W. Gothan zu danken. An neuesten 
Untersuchungen liber das Mesozoikum der Arktis seien noch die Arbeiten von A. , 
C. Seward und M. T. Harris aufgefiihrt. 


Die hinter dem Gattungsnamen in Klammern beigefiigte Zahl bezeichnet — 
wo moglich — die Zahl der bis jhtzt beschriebenen Arten. 



PSILOPHYTALES 


Erste Landpflanzen ; alteste Pteridophytengruppe. Erdweit verbreitet 
sowohl liber die nordhemispharischen Gebiete: Nordamerika (sudlichstes 
Ost-Kanada und westliclie Vereinigte Staaten: Wyoming) ii. Eiiropa: 
Schottland, Nord-u. Mittel-Norwegen, Nordfrankreicb, Belgien und Rhein- 
lande (Hunsriick, Gegend von Siegburg bei Bonn nnd Elberfeld) und Bohmen 
als auch im Bereich der heiite sudhemispharischen Gebiete des alten Gond- 
wana-Florenraumes : Viktoria in Australien, Sudafrika und Siidamerika 
(Falklands-Inseln). Beginnend im Obersilur und erloschend im oberen Mit- 
teldevon. Nach allem was bis jetzt bekannt ist, waren die Fsilophytales 
bis zum Beginn des Mitteldevon die einzigen Landpflanzen, sind aber be- 
reits als Heide-artige Massenvegetation aufgetreten. Erhalten z.T. in aus- 
gezeichneten strukturbietenden Resten (aus dem Oid-Red-Sandstein von 
Aberdeen in Schotland) teils in inkrustierten „Abdrucken'’ unter Erhal- 
tung organischen Materiales. 

Bekannt sind folgende : 

Rhynia (3), Hornea (1), Taeniocrada (1), Yarravia (2), Hedeia (1), Buche- 
ria {\), Zoster ophylhmi (3), Hicklingia {\), Loganella (1); Sporogonites (3) 
Pseudospofochnus (1) Psilophyton (ca. 4), ArthrosUgma [\), Dutoitia (1), 
Dawsonites {\)] Asteroxylon (2), Tkursophyton u. Hostimella ferner als 
Ubergangsform zu den Lycopodiales : Haplostigma (1) und alsUbergangs- 
formen zu den Filicales: PecUnophyton u. Protopteridium (vgl. S. 555) 


LYCOPODIALES 

Eine im Florenbild des jiingeren Palaeozoikums, vor allem in Karbon, 
zufolge der vielen baumformigen Arten tonangebende Pteridophyten- 
Gruppe. Von der Mitte des Perm ab allergrosstenteils nur noch durch 
krautige Formen vertreten und im Florenbild zuriicktretend, wenn auch 
durch alle Zeiten als Gruppe im ganzen nachweisbar. Im Oberdevon und 
vor allem im Unterkarbon nkht nur in den Gebieten der Nordhemisphare 
sondern auch im Bereich des Gondwana-Florenraumes hervorragend ent- 
wickelt. 

A. Lepidophyta; 

Lepidodendron reich an Arten im euramerischen Karbon, einschliesslich 
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dem der Arktis, ferner eine Anzahl von Arten in den anderen palaozoi- 
schen Florengebieten : Sumatra, Cathaysia-Raum (Shansi und Korea), An- 
gara-Raum und Gondwana-Raum, hier toils in Formen nahestehend denen 
des euramerischen Raumes, teils in eigenen. — Lepidophloios Yoxv^iegexid 
karbonisch und euramerisch, wenn auch dem Gondwana-Gebiet nicht feh~ 
lend, so im Oberkarbon von Brasiiien. — Sigillaria. Unterkarbon bis obe- 
res Rotliegendes, hauptsachlich im euramerischen Florenraum und hier 
sehr artenreich, jedoch auch niit einigen Arten, insbesondere des Subsigilia- 
ria-Kreises, in den anderen Florenraumen. — Bothrodendron offenbar rein 
karbonisch und euramerisch; was unter diesem Namen aus dem Bereicli 
der Gondwana-Gebiete beschrieben ist, durfte bestenfalls damit verwanclt, 
sicher nicht identisch sein. — , Oberdevon bis Unterkar- 

bon, Arktis, Europa und Angara-Raum (Kirgisen-Steppe). 

(ca. 3) Untertrias von Europa, Ostasien und vielleicht auch von Sud- 
afrika. 

B. Palaeozoische Lycopodiales von mehr minder baumformiger 
Gestalt : 

Haplostigma Oberdevon bis Unterkarbon des Gondwana-Raums. — 
Archaeosigillaria, Oberdevon u, Unterkarbon v. Nordamerika bzw. Europa; 
hieher wohl auch clie j,Pfotolepidodendron”-Avtm des Oberdevons v. Neu- 
Siidwales. — Cyclostigma Oberdevon u. Unterkarbon von Europa u. 
Nordamerika sowie von Australien. — Heleniella u. Helenia Oberdevon 
des Donetz, letztere auch Perm d. Ural. — EleiderophylUmi und Lepi- 
dodendropsis Unterkarbon, ersteres in Europa, letzteres ebenda und im 
osth Nordamerika. — Protasolamis u. Tkmimasiodendron, beide aus dem 
Unterkarbon von Mitteleuropa. — Asolamis, Omphalophloios u. Ulo- 
dendron aus dem Oberkarbon von Europa u. Nordamerika, letztere 
Gattung auch aus dem Unterkarbon v. Neu-Siidwales angegeben. — 
Pinacodendron u. Phialophloios beide im Oberkarbon von Mitteleuropa, 
letzteres Monotyp des Saargebietes. — Maroesia Oberkarbon (Stefan) v. 
Sumatra. — Gattungen des Angara-Florenraumes sind: Angarodendron, 
Caenodendron, Caragandites, Demetriay Eichwaldia, Lophiodendrony Michee- 
via, Paikhovia, Rimnocladon, Signacularia, Viatcheslavia, die meisten per- 
misch, einige unterkarbonisch oder vom Unterkarbon bis ins Perm reh 
chend. — Cyclodendron Perm v, Siidafrika. — 

C. Krautige Lycopodiales; 

Unter diesen die altesten Vertreter der Lycopodiales; sodann finden sie 
sich ferner im Karbon neben den in jener Zeit so zahlreichen baumformi- 
gen Gestaiten der Gruppe und stellen von der Trias ab bis zur Gegenwart 
wieder allein das Kontingent der Lycopodiales. 


h Nicht festgestellt, ob ligulat oder eiigulat. 
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Baragwanathia Obersilur v. Australien (Victoria) ; Drepanophycus Un- 
terdevon des Rbeinlandes (Siegburg) ; Protolepidodendron (3) Mitteldevon v. 
Mitteleuropa; Lycopodiopsis Perm von Brasilien; Leptopkloem Oberdevon 
u. Unterkarbon von Nordamerika n. Australien; PoecthtostacJfyshnntsa.nd- 
stein V. Frankreich; Lycostrohits Rhat. v. Sclionen. Dies alles k ormen unsi- 

cherer Stellung innerhalb der Gruppe. 

Lycopodites vom Oberdevon ab; SelaginelUtes vom Oberkarbon ab, 
NathorsUa und Isoeiiies von der Unterkreide ab bekannt. 

D. Samentragende Lycopodiales: ^ • 

Lepidocarpon Unter- und Oberkarbon v. Mitteleuropa; Mtadesmta 
Oberkarbon von England. 


ARTICULATALES 


Eine im Gegensatz zu den neuzeitlichen Verhaltnissen im- Mesozoikum 
uns insbesondere im Palaozoikum reich und mannigfaltig entwickelte 
Gruppe. Wenn auch die Mehrzahl der Gattungen und Formen des Palao- 
und Mesozoikums aus dem euramerischen Florengebiet bekannt so 
spielen gewisse Articulatales auch in den heute grosstenteils der Sudhe- 
misphare angehorenden Gondwana-Gebieten keine geringe Rolle, un 
zwar — im Gegensatz zu den Lycopodiales, die ini Gondwanaraum reich- 
lich nur wahrend des Oberdevon u. Unterkarbon entwickelt waren - 
vorwiegend im jiingeren Palaeozoikum und noch durch das ganze Meso- 
zoikum hindurch. 

A. Protoarticulatineae: 

CdamopJiyion Mitteldevon v. Elberfeld. Hyenia ebenda u. iNorwegen. 

B. Pseudoborniineae: 

Pseiidohoffiid Oberdevon d. Bar en-Inscl. 


C. Sphenophyllineae und Cheirostrobineae: ^ _ 

Sphenophyllum Bgt. formenreiche Gattung, nicht nur vom Oberdevon 

■is zum Rotliegenden im euramerischen Florenraum, sondern aucRim 

bersten, Karbon und Perm der Angara-, Cathaysia- upd Gondwana-klo- 
enraume. — Cheirostrohus Monotyp aus dern Unterkarbon von Schottland, 


D. Equisetineae: v r j 

1 . Asterocalamitaceae: Asterocalamites. Unterkarbon der 
Nordhemisphare wie auch des Gondwana-Florenraumes. - AutophylMes 
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Pothocitopsis u. Sphenasterophy Hites unbedeutende Gattungen des Karbons 
V. Mitteleuropa. 

2. Calamitaceae : Mesocalamites u. Protocalamites, beides Ubergangs- 
formen zw. Asterocalamites u. Calamites, bisher nur aus dem Unterkarboii 
u. unterem Oberkarbon Europas bekannt. Calamites'^) hervorragend wichti- 
ge Gattung des Karbons und Rotliegenden sowie mit Resten im Zeckstein, 
in der mannigfaitigsten Weise erhalten; vorwiegend euramerisch, selten 
im Cathayisa- u. Gondwana-Florenraum; im Angara-Raum vorwiegend 
durch Paracalamites vertreten. 

3. Equisetaceae: Equisetites vom Karbon bis zur Gegenwart, iiberall; 
Phyllotheca artenreich; Charakterpflanzen des jiingeren Palaozoikums 
(insbesondere des Perms) der Angara- und Gondwana-Florenrtame ; im 
Gondwana-Gebiet sowie in Europa u. Asien auch im Mesozoikum. 

4. Anhang; Articulatales unsicherer Stellung: 

Neocalamites Jungpalaozoikum des Cathaysia- Angara- u. Gondwana- 
Florenraumes, im Mesozoikum noch im Gondwana-Gebiet sowie in Europa 
u. Nordamerika. — Schizoneura Im Jungpalaozoikum vorwiegend im 
Gondwana-, sparlicher im Cathaysia-Gebiet ; im Mesozoikum gleichf alls im 
Gondwana-Gebiet sowie in Nordamerika, Europa u. Asien. — Lobatannu- 
laria Perm der Angara- und vor ailem des Cathaysia-Florenraumes. 


CLADOXYLALES 

Nur aus dem alteren Palaezoikum (Mitteldevon bis Unterkarbon) von 
Europa bekannte Pflanzengruppe mit den Gattungen Cladoxylon u. VoeU 
ket'ifCC • 


FILICALES 

A: Eusporangiatae: 

1 . Aneurophytineae: Die hieher gehorigen Gewachse, die zunachst unt er 
die Samen-tragenden Pteridospermen eingereiht wurden, stellen einen 
Vorlaufer-artigen, aber offenbar bereits heterosporen P'arn-Typus von 
baumformiger Gestalt dar. Anetirophyton (1) aus dem oberen Mitt el-De von 
von Elberfeld. — Eospermatopteris [\) aus dem Oberdevon von New York. 

0 P®2uglich der Hilfsgattungen zu Stamnien [Athropitys, Calamodendron, 
Athrodendron), zu den Blatt-tragenden Zweigen (Asterophyllites, Annularia, u.a.), 
zu den Bliiten Meiacalamostachys, Cingularia u.a.) 

sowie der Wurzeln u.a.) ygl. Absehnitt Articulatales (S. 51 4-5 1 7) . 
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2. Coenopteridineae : rein p a 1 a e o zoisch (Ober~I)evoii bis Unter- ■ 
Perm) ; die uberwiegende Zabl der — meist in strukturbietenden Resten 
bekannten — • Gattungen und Arten ist in M i 1 1 e 1-E ii r o p a gef unden; 
nur wenige stammen von Nor d-A m e r i k a, der A r k t i s, von S i- 
b i r i e n und von A ii s t r a 1 i e n. Im Einzelnen gilt Folgendes : 

a. Zygopteroideae: 

1) Stauropteridaceae: (2) Unterkarbon v. Scliottland, 

Mittl. Ober-Karbon v. Mittel-Europa. 

2) Etapteridaceae : Dinettron (2) Unterkarbon v. Schottid. ii. Mittel- 
Frankreich; — Metaclepsydropsis (2) Unterkarbon v. Schottid. ii. Thli- 
ringen; — Diplolahis (1) Unterkarbon v. Schottid., Schlesien u. Mittel- 
Frankr.; — Zygopteris s. str. (einschl. BotrycMoxylon) Mittl. Oberkarbon v. 
Nord-Engld. u. Rottlieg. v. Sachsen; — Asteropteris Ober-Devon v. New 
York; — Etapteris (6) Unterkarbon-Rotlieg. v. MittebEuropa; — Coryne- 
pteris einschl. Alloiopteris (ca. 20) Mittl. Oberkarbon v. Mittel-Europa; — 
Gymnoneuropteris (1) Unterkarbon v. Karnten; — Cephalotheca (3) Ober- 
devon d. Baren-Insel. 

3) Clepsydraceae: Clepsydropsis (1) Unterkarbon v. Thiiringen; — 
Asterochlaenopsis Unterkarbon d. Kirgisen-Steppe ; — Protoclepsydropsis (1 ) 
Unterkarbon v. Schottid.; — Austroclepsis (1) Oberdevon bezw. Unterkar- 
bon v. Australien; — Ankyropteris (7) Mittl. Oberkarbon bis Rotlieg. v. 
Mittel-Europa; — Asterochlaena (2) Rotlieg. v. Chemnitz ; — Menopteris (1 ) 
ebendaher. 

b. Botryopteroideae: 

1) Botryopteridaceae: (5) Unterkarbon bis Rotliegend. v. 

Mittel-Europa; — Grammatopteris (2) Rotlieg. v. Mittel-Frankr. u. Sach- 
sen. 

2) Tubicaulidaceae: Tuhicaulis (3) Mittl. Oberkarbon bis Rotlieg. 
v. Mittel-Europa. 

c. Anachoropteroideae: 

Anachoropteridaceae: Anachoropieris {1) Mittl. Oberkarb. v. Eiiropa; 
— Gyropteris (1) Unterkarbon v. Niederschlesien; — Zeillena {ca. 6) Un- 
terkarbon bis Mittl. Oberkarb. v. Europa. 

3. Marattiineae: Vom Karbon bis zur Jetzt-Zeit reichende Farn- 
Gruppe mit einem Hohepunkt der Entwickelung gegen Ende der Karbon- 
Zeit und im Rotliegenden und einem weiteren Hohepunkt wahrend der 
oberen Trias und des Beginns der Jura-Zeit. Wenn auch wahrend des Pa- 
laozoikums der Euramerische Florenraum und wahrend des Mesozoikums 
die heute der Nordhemisphare angehorigen Gebiete (Europa, das Mord- 
lichere Asien sowie Nord-Amerika das Gross der Marattiineen hervorge- 

Manual of Pteridology 31 
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j 1 . E^r.mrtfphoben werden, dass Marattiineen wecler 

ta den G«nd»ana.Gebie.,„ gef.hlt haben. to 

Einzelnen gilt F olgendes ; 

• j Formen sind sowohl eine 

“■ toS' stoSiiS ,rhal.en.r) S.an,toeste ,Ps,„- 

grosse Menge (vieuacn ^ eine Mensie von verschie- 

atongen ( 

denen kattungeii n a.Wn I'orni iruk-- 

‘ sTa^ffto (“■ ■») ““'■“'’T d' 

r ITv Furopa u Nord-Axnerika; entsprechende Strukturbiedende 

hegendes v. Eraopa _ • _ Rotliegenden v. Europa be- 

Reste (distiche Ps<.ro«Ms) (ca. 25) Oberkarbon (Westfal) 

^^nnt.--Cauloptens {nehstSHpdopten^^^ entsprechende struktur- 
bis Rotliegendes v Europa n. Nord-Amenka, p^^ 

bietende Reste (quirlige u. sc ^ Permo-Karbon v. Bra- 

karbon (Westfal u. Untertrias v. Baden. 

“ w”; dTwiTto: lwoB~ (to 25) vielleicht schon ab Unterkarbon, 

w e d e 1-K e S t e. ^ ^ ^ ^ Palaozoikum in Europa u. 

sicher ab Oberkarbon 

Nordamerika.sowieinOstasien ( (ca. 4) Oberkarbon 

nordl. Siidafrika (Sud-R 0 esia). ^ Diflasterotheca Rot- 

(Westfal) bis Rotheg v. (Stefan) bis Rotlieg. 

Keg. V. 4! 5) Oberkarbon (ob. Weetfal) bie 

Europa u. Sumatra. y ^ Ostasien sowie von Sumatra u. 

o-°d S“/la''“ clTZm iterkarbon-EotKeg. von Enropa 

Oberkarbon (West^^ 

llis 0) OberkarbL (Stefan) v. Mittel- u. SM-Frankreich. - BernouiUia 
(3) u. Merianopteris (1) Keuper v. Mittel-Europa. - 

b. Danaeoideae: nur an Hand der (wenig durchgefiederten) Wedel und 

erst seit dem Mesozoikum bekannt. -c- ,.rrrr.a n Ostasien sowie 

Marattiopsis (ca.7) R^at bis Unterkreide von Emopa m^i^s^a^^^^^ 
Gronland. - Danaeopsis {3) Obertnas von Europa u. Nordamenka. 

Atiband- die unter Wetc/isei:*® gehenden Wedelreste smd erdweitwmm 
Wtod^&t M tol-Kreide vetoeitet; augehorig. Slamnn^ Po»- 

IZU'i- Hieher aucb die Gatt.ngen : Kaiteb a verlverbrertet to Meso 

zoikum u. Rienitsid Trias v. Australien. 

4. Ophioglossineae: kaum fossil bekannt; Sicherheit jederdalk 
erst von E 0 z an an: Ophioglossites eozaemcum, Roz^n v. Ver^ , 
rez. 0. lusitanicum nahestehend. (Her gelegenthch immer wi 
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Literatur wiederkehrende Versuch die Angehorigen der karboiiischen (liber 
wiegend iinterkarb.) Gattmig in Beziehung mit den Ophiogios- 

siiieen zu bringen, ist ganz abwegig). . 

' Filkaies Leptosporangiatae: 

1. Osmundaceae: 

In Wedel- iind Sporangien-Resten bereits seit dem Karbon bekannt, 
in Stammresten seit dem Perm nachweisbar. Permische Stammreste, 
besonders von dem primitiveren protest elischen Baii-Typ in vergleiclis- 
weise besonders grosser Gattungs- imd Arteii-Fulle aus dem Angara-Floren- 
raum bekannt. Wedelreste im mittleren Mesozoikum (Oberste Trias und 
Alt-Jura) erdweit verbreitet. 

a, Stammreste: Anomorrhoea (1), Bathypteris (1), Chasmaiopte- 
ris (1), J egosigopteris {1), Petscheropteris (1), Thamnopteris (4) und Zaless- 
ky a (4) samtliche aus dem Perm des Angara-Florenraumes, die meisten voin 
Ural, einige aus dem Petsciiora-bezw. dem Kusnezk-Becken. Die siphono- 
st elischen bezw. diktyost elischen Osmimdites (ca. 7) seit dem Jura be- 
kannt, aus Europa u. Nordamerika sowie den Gondwana-Gebieten (Neu- 
seeland und Paraguay) . 

b. Wedelreste: S p o r a n g i e n allein {Todeopsts u. Stiiriella) 

schon aus dem Unterkarbon von Zentr.-Frankr. bekannt. W e d e 1 r e s- 
t e seibst erst seit dem Oberkarbon nachgewiesen : (5) Ober- 

karbon (Westfalu. Stefan) v. — Kidstonia (I) Oberkarb. v. Klein- 

asien. Mesozoisch: nebst den entsprechenden steriien Resten* 

Cladophehis in sehr zahlreichen Arten erdweit vom Keuper aufwarts. — 
Speirocarpits (4) Mittl. Keuper v. Nordamerika u, Europa. Osmimdites vom 
Lias aufwarts u. weit verbreitet, im Aittertiar auch noch im Gebiet der 
heutigen Arktis. 

2. Schizaeaceae: 

In Vorlaufern schon seit der Mitt e des Oberkarbon, in ganz typischen 
Formen seit dem Rhat nachgewiesen. 

Senftenbergia {3) Oberkarbon (Westfal) v. Europa; (5) Rhat 

bis Wealden v. Europa bis Ostasien; — Norimhergm (1) Lias v. Franken; 
— Schizaeopsis (1) Unterkreide v. Virginien und Sckizaeopteris Oberkreide 
V. Japan; — Lygodium Unterkreide bis Miozaen v. Europa, Nordamerika 
u. Ostasien. Moglicherweise zugehorig auch die im Wealden erdweit, auch 
liber die Gondwanagebiete verbreitete R^-i//off^7a sowie Zuge- 

horige stammreste vielleicht: Tempskya {5) aus der Unterkreide v. Nord- 
amerika u. Europa. 

3. Marsiliaceae : 

Fossil nicht mi t Sicherheit nachgewiesen. 

4. Gieicheniaceae: 

Der rezenten Gattung zweifellos nahestehende Formen sind bereits aus 



484 MAXHmMEK.GEOGEAPHIEUNDZEITLICHEVERBREITUNG 

^ M>tl Kpuner und dem Lias bekannt ; e c h t e Gleichenien {Gleiche- 
dem Mittl. Keuper una e der Sekt. Eu- 

niies s. str.) kenii Mitteleuropa sowie von Gronland ei- 

Gletchema aus . . CpE-t Mertensia (4) ebenfalls aus der 

Ir?" ■ IEtw • 

S,.« ». Denir^ena. amtl. dr.i aus dem Oberkmbou 

Mitteleuropa. 

LT^^rirdweit verbreitet u.d e„ dieser Zeit auch die grosste 

i7irSsrs=es£s; 

LtlS V Lato; - M^tmidium (2) Obes-Jura bis Unterbade v. Ea- 
;„“a i lndier- ««— (» Oberkreide Mabreu, 

7orkonim”n''ta'der°Vergangenheit nocb etwas problemalisch, was bei 
dey°b e “Sgepassten Famiiie auch uicht Wunder uehmen kann Dm 
hichel gerechneten fossileu Formen konnen ebensopst dem Dicksomaceen- 
Kreis angeeliedert warden, bezw. dazu Yorlaufer darstellen. _ 

H,„lolk,Uites Oberkarbou (Westfal) v. Eu.opa and w.edet .m Rhat- 
Lias von Polen sowie von i^rgentinien. 

US” b« hieher aas dem Mitti. Jura v. Eaglaud. 

kannt, von den Gebieten der Nordhemisphare und denen des Gondwan 

^^°sTamTreste: Protofteris (8) Wealden bis Tertian v. Gronland u- 
Europa - RUzodendron ^ Oncoptms Kreide v- Mi teLEuropa. _ 
\Ve d e 1 r e s t e : Coniofteris Trias u. Jura, erdweit werbreitet, Arktis, 

Europa bis Ostasien und Gondwana-Gebiete ; ebenso ® 

raoia- Gonatosoms u. Alsophilites, beide aus dem Jura v. Polen. 

9. Dipteridaceae: eine ahnlich wie die Mnto im Me^um 
weitest verbreitete und wesentlich formenreichere bamilie als d 
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lieute form- iiiid areaibesclirankten Nachzugler ahnen lassen. Im Bereicli 
des Gondwana-Florenraumes .ist die Familie mit einer .Anzahl von Arten 
dreier Gattiiiigen vertreten. 

■ a. Gamptopteroideae : Campfoptens (2) MittL Keiiper bis Rhat v. 
Mittei-Eiiropa; - Diciyophyllum (ca., 16) artenreichste Gattiing, Obertrias 
bis Unterkreide, Europabis Ostasien, Australien, Neuseeld. ii. Sudamerika 
(Chile); - Thaumatopteris (2) Rhat u. Lias v. Mittel-Europa ; - Claihropteris: 
Obertrias bis Unterkreide v. Nordamerika, Eiiropa, Nordafrika, Asien bis 
Ostasien, iind Sudamerika (Chile); — Oishia (1) Rhat-Lias von Ostasien. 

b» Dipteroideae: u. sehr artenreich; in Vor- 

laiifern vielleicht schon vom Rotliegenden ab; sicher vom Rhat ab, im 
gaiizen nordhemispharischen Gebiet und in Australien; - Podoloma Eozan 
V. Slidengland, der rez. Dipteris coniiigata nahestehend. 

c. Goepperteiloideae : Goeppertellay Lias von Europa ii. iVsien (Tonkin) . 

10. Polypodiaceae: 

Diese heute sowohl in Hinblick auf Vielgestaltigkeit wie auf Gattungs- 
und Artenfulle grosst-entwickelte Farn-Familie scheint erst vergleichsweise 
spat in Erscheinung getreten zu sein. Die altesten sind DavaUia aus dem 
Lias v. Polen; weiterhin Asplenmm aus der Unterkreide v. Gronland; 
ferner die Pterideen AdianUmi (ebendaher und auch aus dem Jura v. 
Ostasien bekannt) sowie Onychiopsis (der rez. Cryptogrmnnia nahestehend) 
aus dem Wealden von Europa und Ostasien, von Siidafrika u. Sudame- 
rika; - Polypodiiim wird gleichfalls schon aus dem Jura v. Nordamerika 
(Oregon) angegeben. Aus dem Tertiar kennt man ferner noch ausser den 
schon von alteren Zeiten her bekannten oben genannten noch die Gat- 
tungen Onoclea, Aspidiuniy N ephr odium, Scolopendrium^ Cheilanthes u. 
Drynaria. 

11. Salviniaceae: 

Fossil nur in der Gattung bekannt, in einer Anzahl xArten seit 

der Ober-Kreide. 

Filices incertae sedis; 

Die hierher gehorigen Formen, diewohl (mindestens zum grossten Teii) 
den eusporangieten Filices angehoren oder doch zwischen diesen und den 
leptosporangiaten Filices vermitteln, sind zu nicht geringem Teil wichtige 
Leitpflanzen, sowohl in stratigraphischer als z. T. auch pfianzengeografi- 
scher Hinsicht. Genannt seien: 

Archaeopteris {l\) Oberdevon. Oestl. Nordamerika, Baren-Insel und Eu- 
ropa bis zum Donetzbecken. - Rhacopteris : Untergr . A nisopteris {caL. 1 4) 
Unterkarbon von Europa unddes Gondwana-Florenraumes (hier mit LepP 
dodendron tonabgebend), nur mit wenigen Arten ins Oberkarbon herein- 
reichend l Eiirhacopteris (1) Oberkarbon v. - Hymenotluca (4) 
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Oberkarbon. RenauUia (11), Dactylotheca (8), Myriotheca (2), Cyclotheca (1), 
Sphyropteris (6), Urnatopteris (2) u.a. samtliche dem Oberkarbon des eura- 
merischen Florenraumes angehorend, z. T. {Dactylotheca) bis ins Rotlie- 
gende reichend. - Anomopieris (1) und N europteridium (5) beide aus dera 
Buntsandstein v. Europa. Inwieweit N europteridium validtcm und ahnliche 
der Gondwanagebiete wirklich zu N europteridium im Sinn der europai- 
schen Arten gehoren, steht dahin. - Chiropieris (3), Obertrias bis Kreide von 
Europa u. Amerika sowie der Gondwana-Gebiete. 


P a I a e 0 z 0 i s c h e Pteridophyten im 
BereichdesAngara-Florenraumes 

^ Unter- 
Karbon 

Jiingei'es Palaeozoikum 
(Perm) 

H 

P 

Kirgisen Steppe 

Kusnetzk-Becken 

Petschora-Becken 

Ural 

Russ. Tarbagatai 

Kusnetzk-Becken 

Cl 

M 

13 

0 

pq 

M 

tn 

C 

1/3 

03 

0 

a 

Untere Tunguska 
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Buku-Muren Steppe 

Amur Geb. u. Ussuri 
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2 
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2 

3j 

4 

5 
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Lycopodiales (Anordnung alphabetisch) 
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— 

— 
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— 

— , 
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— 
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Helenia inopinata . 
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— 
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Lepidodendron hirgisicum 
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„ ostfogianum 


— 
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„ ■ Schmalhauseni 
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„ V eltheimianum 

1 — 

+ 
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— 1 


— 

■ — , 

■; 

— , 

,, spec. 
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— 

— ! 

— 

— 

4| 

— 

: 

— 

i 

— 

Lepidostrobus (? Bothrostrohus) spec. 

1 ^ 

+ 

— 


— ■ 

— 


— 

— ' 

— 

— ! 


Lophiodendron superum 

1 ' 


— 

— 1 

— , 

— 

4 

_ 

__ 

__ 

' — ! 


„ tyrganense 
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4 

— ^ 


— 

— 

— 
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Micheevia pulchella 

+ 
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— 

— 


— 


! — 1 

. — 

,, yiW'fiBfisis 

1 












,, Ufcilicci 
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Paikhovia Tschernowi 




— 
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i— 

■ 

Poi'odefi'd^fofi tenevvi'MXifyi 
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Rimnocladon minutum 
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■ 
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Signacularia Noinskii 
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_ 

— 

To m istachys thy rsiculus 
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— 
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— 
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Viatcheslavia vorcufensis 

— 

— 
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— 
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Sphenophylhmi denticulatum 
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Asierocalamites scrohiculatus 
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Calamites gigas ' i 
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' ;:4 

j 
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Palaeozoisclie Pteridophyten im 
BereichdesAngar a-F lorenrautries 



ParacaJamlies decovatus 
„ izyhnsis 

Kiitagorae 
„ laiicostahis 

,, robitsHis 

„ sibific'us 

„ similis 

„ stviaUis 

Aihropitys linearis 
Annul art a aste ri s cus 
ci. Annul aria spec. 
Lobatarmularia Schtschurowskii 
Phyllotheca bardensis 
„ deliquescens 

„ equisetoides 

niacfostachya 
pauciflora 
„ peremensis 

„ Sokolowskii 

stellifera 
„ spec. div. 

EqU'isetites Csekanowskii 
Anhang : 

Taibiatyrganensis 

F i 1 i c a 1 e s S. S t r. 

A sterochlaenopsis kirgisica 
Psaroni us sibivicus 
T schevnowia synensis 
A nomorvhoea Fischevi 
Bathypteris yhomboidalis 
Chasniatopteris principalis 
JegosigopterisJaworskii 
Petscheropteris splendida 
T hamn opteris Gwynne- V aughani 
„ hazanensis 
„ Kidstoni 

Schlechtendahli 
Zalessky a diploxyloyi 
„ fistulosa 
„ gracilis P ^ ^ 

„ uvalica 
Cladophlebis adnata 
,, tychtensis 
„PecopteviP* synica 



Sumatra 


1 Korea ! 

Shatisi Ip 

Kt 

J |K 

Yu 

SU 

SO p 
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u 1 O 
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U 1 0 
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Bereich des Catliaysla- 
irenraumes in Ost-Aslen 
uud auf Sumatra 


X 
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X 
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X 

X 
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Lepidodendron aculeatum 

Gaudryi 

mesostigma 

molle 

oculis felis 

Posthumi 

spec. 

Lepidostrobus spec. 

Lepidostrobophyllum latisquamum 
longitricL'yig'^^eire 
„ spec. 

Sigillaria acutangula 

cf. semipulvinata 
yajidoensis 

spec. A 
„ spec. B 

, Sigillanostrobus spec. 

Mavoesia rhomboidea 
Stigfyi(^Aci usicLiicci 
ficoides 
■rugulosa 
? Lycopodites spec. 

|a r t i c u 1 a t a 1 e s : 

Sphenophyllum costae 

emarginatimi 
fimbriatum 
macvophyll'U'y^ 

macvotvuncatum 
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X I — I 
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ofientale 
pseudocostae 
fotundatum 
sino-coreanum 
speciosum 
,, Thonii 

„ , vav. mifiOY 

veriicillatum 
„ spec. 

Bowmanites laxus 
„ spec. 

Catamites ci. Cisti 
Stickowi 
jubatus 

AsterophyllUes longifolius 

(Calamocladus) spec. 

ji‘Yi%ulavia cvassiuscula 
gvacilescens 
maxima 
mucronata 
orientalis 
papiliomfonnis 
pseudo stellcLta 
Shirakii 
,, stellata 
spec. 
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Phyllotheca cf. australis 
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Shansitheca Kidstoni 




X 

— 

— ! 

— 

2 

— 

— 

— 

palaeosilvana 

— 

— 

___ 

X 

— 

— 

— 

— ■ 

— 


Discoptevis kogendoensis 

' 



X 

— 

__ 

_ 

3 

— 

— 


Cladophlehis Nystroefni 

— 

— 

— 

X 

— 

— 

— 

— 

— 

— 

ShiraMa bilobifoHa 


Abkiirzungen in der Floren-Liste : 

Kt : K o t e n-Schichten von Korea 
J ; J i d o-Schichten von Korea 
K : 'K o b o s a n-Schichten von Korea 

Yu : Y u e h e m e n k o u-Schichten von Shansi (u : rintere, o : obere.) 

SU: Untere S li i lih o ts e-Schichten von Shansi (u : untere, o; obere) 

SO : O b e r e S h i h li o t s e-Schichten von Shansi (u ; untere, o : obere) 

Die Zahlen in den Spalten bezeichnen den Haufigkeitsgrad (3 = maximal) . 

Das Vorkommen von Djambi auf Sumatra gehort dein obersten Oberkar- 
bon (Stefan) an. 


E s e n t s p r e c h e n : 

Gebiet von Shansi (China): 


Gebiet von Korea: 


dem geologischen Alter 
nach : 


Obere S h i h h o t s e-Schichten K o b o s a n-Schichten 
Untere S c h i h h o t s e-Scliichten j i d o-Schichten 


wohl O b e r e s U n t e r- 
P e r m, keinesf alls j Un- 
ger als Mittel-Perm. 

U n;t e r e s U n t e r- 
P e r 


Y u e h e m e n k o u -Schichten 


K o t e n-Schichten 


entweder noch u n t e r. 
s t e s U n t e r-P e r m- 
oder S t e f a n i s c h e s 
10 b e r k a r b o n. 
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P t e r i d 0 p h y ten derpalaozoischen 
S c h i c h t e 11 d e s g e s a m t e n 
Gondwana-Florenraumes 

O b e r - S i 1 u r 
bis 

Mittei-Devon 


Pi 

0 

Q 

Q 

M 

0) 

rQ 

0 

bis 

U 11 ter - Karbon 

O b e r - Karbon 
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P e r m 
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Indien 
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iindien 
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|S. Afr. 

le ^ 

;S. Amer. 

[Austr. 

Indien 

|S. Afr. 
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Pteridopliyteii derpalaozoischea 
Schichten des gesamten ! 
Gondwana-Florenraumes 


TJlodendyon spec. 

Lycopodiopsis Derhyi 
Stignmvia ficoides 
>, spec. 

Megasporen von Lepidophyten 

Articulataies; 

Sphenophylluni oblongifolium 
,, Thonii 

Thonii var. minor 
speciosum 
,, spec. 

Asierocalamites scfohiculatus 

Calamites Suckowi 
,, varians 

ct. Cal aniiies s-pec. 

C al amost achy s spec. 

Annularia australis 
■A eo calamites Car veri 
Equisetiies calamitinoides 

{? Schizoneura) morenianus 
Phyllotheca australis 
,, deliquescens 

„ Etheridgei 

,, Griesbachii 

,, indica 

„ fohusta 

■ulugufuana 
,, Whaitsi 

„ Zeilleri 

„ spec. 

Schizoneura ajricana 

„ gondwanensis . ’ , > 

„ Wardi 

„ spec. 

Actinopieris bengalensis 

F i 1 i c al e s : 

1. Coenopt e rid ace a e. 
Austroclepsis australis 
Botrychioxylon Spec. 

2 . Marattiaceae. 

Psaronius brasiliensis 
Tieiea singularis 
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Pteridophyten der palaeozoischen 
Schichten des gesamten 

Gondwana-Florenraumes 


Asterotheca arhorescens 
spec. A 
spec. B 

Ptvchocarpus imitus ^ 

' uniUis var. emavginata 

3 . O s m u n d a c e a e 

Cladophlebis ? austvalis 
,, Roy lei 
„ 

4. cf. Cxleiclieniaceae 

Shansiiheca cf . Kidstom 

5, 1 n c e r t a e s e d i s. 

AfchdeopteHs Howittii 

Rhacopteris inaequilatera 
intermedia 
cf. Machanecki 
ovata 
? Roemeri 
septentfionalis 
Szajnochai 
Weissiana 
Wilkinsoni 
spec. 

Neuropteridium planiianum 
validum 
tasmanense 

. t i. jr X o-h betreffende Sudamerikanisclier Vor- 

„?.S W?.rin 

Irnniieil. 
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pterldophyteii der mesozoischenj 
Schiciiten des gesamten 
Gondwana-Florenraumes 


Lycopodiales: 

cf. Pleuromeia spec, 
Lycopodites gracilis 
vicioriae 
„ spec. A 

„ spec. B 

A r t i c u 1 a t a 1 e s : 

Neocalamites Carreri 
„ hoerensis 
Eqiusetites approximatus 
„ NicoH 

„ cf. platyodon 

„ rajmahalensis 

„ rotiferum 

„ wonthaggiensis 

„ spec. div. 

Phyllotheca australis 
„ conoinna 

Hookeri 
„ minuta 

„ spec. 

Schizoneura cf. africana 
„ gondwanensis 

spec, a {Seward) 
spec. ^ {Seward) 
spec. 

Filicales: 

1. Marattiaceae._ 
Asterotheca denmeadi 

„ Fuchsi 

? „ Hillae 

Marattiopsis macrocarpa 
„ Muensteri 

Danaeopsis cacheutensis 
Nathorstia alata 
„ willcoxi 

Rieniisia spaihulata 
WeicKselia reticulata 

2. O s m u n d a c e a e. 
Osmundites D uni opi 

„ Gihhiana 

Kolbei 
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M c/i 
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cf 


4 - 


-f 
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+ 
-f 
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4 - 
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. Afr. 
Amcr. 
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Pterid ophy ten der mesozois Chen 
Schichtendesgesamten 

Gondwana-Florenraumes 


? Osmundites-St'Amme 

Todites Goeppertiana 
Roesserti 
WilUcimsoni 
„ spec. 

CladopUebis cf. Albertsi 
antarctica 
australis 
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Gleichenites {Microphyllopteris) acutus 

gleichenoides 
cf. micromerus 

cf. Gleichenites (Microphylloptens) pechnata 
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sanmartini 

Gleichenia spec. 

■ S.Matoniaceae. 

Phlebopteris polypodioides 

Matonidium indicum 
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Hymenophyllites Mendozasnsis 
spec. ■ 

7. Dicksoniaceae 
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In samtlichen Tabellen betreffend dL&nGondwana-'FlorQiiTQ.nm bedeutet Austr, 
iieben Australien aucli noch gegebenenfalls Tasmanien und Neuseelaiid. 

Die Vorkommen-Angaben (der Erdteile) sind ausgefiillt nur in denienigen for- 
mationsgruppen, in welchen die betreffenden Pflanzen uberhaupt vorkomnien 
konnen. 


Chapter XVI 


PSILOPHYTINAE 

von 

Richard Krausel (Frankfurt a. M.) 

Geschichte, Allgemeines. — Die Gruppe hat ihren Namen nach der 
Gattung Psilophyton erhalten, die Dawson bereits vor etwa 80 Jahren 
im Unterdevon Kanadas entdeckte, und von der er spater einen Wieder- 
herstellungsversuch veroffentlichte. Aber lange Zeit fanden seine Angaben 
wenig Beachtung. Man konnte ihm an anderen Stellen Irrtumer nachweisen 
und bezweifelte so auch sein Psilophyton. Heute wissen wir, dass seine Re- 
konstruktion im Wesentlichen richtig war. Es brauchte lange Zeit zu dieser 
Einsicht. Wahrend auf dem Gebiete der Karbonflora und auch fiir die 
des Oberdevons grosse Fortschritte zu verzeichnen waren, blieben die 
Pflanzen der Mteren Devonzeit eine terra incognita oder wurden, wo sie 
Bearbeiterdanden, voliig falsch, z.B. als Algen gedeutet. Den ersten we- 
sentlichen Fortschritt brachte die Untersuchung des norwegischen Devons 
durch Nathorst und vor allem H alle ( 1 9 1 6) , neuerdings durch H0EG f ort- 
gesetzt. Dann erschienen die grossartigen Untersuchungen von Kidston & 
Lang (1917 — 1924). Begiinstigt durch die einzigartige Erhaltung der 
Pflanzen in dem verkieselten Torfbett von R h y n i e in S c h o 1 1 1 a n d, 
konnten sie Morphologie und Innenbaii weitgehend aufklaren und zum er- 
sten Male wieder Rekonstruktionen wagen. Seitdem ist der Umfang des 
Schrifttumes gewaltig angeschwollen. Neue Arbeiten von Lang und Cook- 
son schlossen sich an. Die langst bekannte Devonflora B o h m e ns 
wurde von Krausel & Weyland revidiert, die weiterhin in einer Reihe 
von Arbeiten neue und Mtere Funde im deutschen Devon bekannt machten, 
ohne bislang zu einem Abschluss gekommen zu sein. Dariiber hinaus sind 
die Psilophyten (und sonstige Devonpflanzen) heute zu einem beliebten 
Gegenstand der Betrachtung geworden. Unter Verzicht auf Einzeiheiten 
sei auf einen Bericht von 1936 verwiesen ^), von dem aus leicht eine tJber- 

0 Krausel, R. Neue Untersuchungen zur paMozoischen Flora : Rheinische De- 
vonfloren. — Ber. D. Bot. Ges. 54, 1936, 307. 

Halle, X. G. On DrepanophycuSy Frotplepidodendron Q^nd Protoptendium, with 
notes on the Palaeozoic flora of Yunnan. — Palaeont. Sinic. A 1 , Fa,sc. 4, 1 937. 

Lang, W. H. On the plant-remains from the Downtonian of England and Wales. 
— Phil. Transact. Roy Soc. London B 227, 1937, 245. 

pRiNciPi, P. La vita vegetale nei primi period! della storia della terra. — Atti Soc. 
Sci. Genova 1, 1936, 189. 
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siclit des gesamteii, die Psilophyten betreffenden Schrifftiims gewonnen 
werden kann. 

Die Psilophyten beschranken sich durchweg auf Schichten, die n i c h t 
jiinger als mitteldevonisch sind. In Australien kommen sie 
zusammen mit den nach der palaontoiogischen Lehrmeiniing angeblich auf 
das Silur beschrankten Graptolithen vor. Besonders kennzeiciinend sind 
sie aber fiir das Unterdevon. Man kennt sie aiis Europa imd Asien, Nord- 
und Sudamerika, Siidafrika und Australien. Offenbar waren sie damals 
w e 1 1 w e i t v e r b r e i t e t und fiir diese Zeit ebenso kennzeichnend, 
wie spater etwa die Gymnospermen oder seit der Kreide die Angiospermen. 

Die aligemeine Bedeutung der Psilophyten beruht also einmal darauf, 
dass sie die altesten uns bekannten Gefasspflanzen 
darstellen, zum andern aber auf ihrem einfachen Ban. Anfangs ge- 
machte Versuche, diesen als abgeleitete Reduktions-oder Anpassiingser- 
scheinung zu deuten, konnen angesichts der Zahl der bisher bekannten 
Formen als widerlegt gelten. So einfach gebaute Pflanzen wie Hornea 
nahern sich dem Sporophyten gewisser Moose, andererseits umfassen die 
Psilophyten Vorlauferformen, die morphologisch zu den verschiedenen 
Gruppen der hoheren Pteridophyten hinfuhren, fiir deren Ableitung sie den 
Schllissel geben. Damit stellen sie ein s t a m m e s g e s c h i c h 1 1 i c h e s 
Material allerersten Ranges dar, woriiber im^^ Abschnitt 
,,Phyiogenie'' mehr zu finden ist. 


Psilophy tales 

Kleinwiichsige Pflanzen oline echte Blatter und Wurzeln, in Phizoxn und Luft- 
sprosse gegliedert. Sporangien, soweit bekannt, mit mehrschichtiger Wandung, 
mit Oder ohne Kolumelia, ohne besonderen Offnungsmechanismus, isospor, end- 
standig an den Luftsprossen oder an ktirzeren Verzweigungssystemen, Sprosse un- 
verzweigt bis gabelig oder i monopodial bis sympodial verzweigt, blattlos, nackt 
Oder mit Driisen oder Dornen besetzt, Rliizom verschieden gestaltet, knollenformig 
bis kriechend verzweigt, Achsen, soweit bekannt, protest elisch, der Xylemteil rund 
bis sternformig zerkluftet, mit Schrauben- und Ringtracheiden, vielleicht auch 
schon Tiipfelzellen vorhanden, Phloem das Xylem umgebend, ans gestreckten, 
diinnwandigen Zellen aufgebaut. Epidermis mit Spaltoffnungen, diese wie bei den 
hdheren Pflanzen gebaut. 

Fam. I. Rhyniaceae 

Rhizom und Luftsprosse gabelig verzweigt, nackt, Sporangien endstandig, mit 
mehrschiciitiger Wandung, ganz von den durch Tetradenteilung gebildeten Sporen 
erfiiilt. 

Rhynia Kidst. & Lang, 2 Arten im mittleren Old Red Sandstein von Schottland. 

Fam, 11. Horneaceae 

Rhizom knollenformig, gelappt, Luftsprosse gabelig verzweigt, nackt, Sporangien 
endstandig, mit Kolumelia. 

Homea Kidst. & Lang, 2 Arten, mittleren Old Red von Schottland, 

Sporogonites Halle, Formgattung ftir isolierte endstandige Sporangien vom 
Typus I und II, Unter-Mitteldevon. 

Manual of Pteridology 
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Yarravia Lang & Cooks., ahnlich dem vorigen, Sporangien aber zu melireren 
im unteren Teil synangienartig vereinigt, Obersilur( ?), Australien, 

Cooksonia Lang, desgleichen, Sporangientrager aber gegabelt, Obersilur, Eng- 
land. 


Fam. in. Psilophytaceae 

Rhizom kriechend, wie die Luftsprosse gabelig verzweigt, diese nackt oder rtiit 
Driisen besetzt, ihre Enden ± eingerollt bezw. die Sporangien tragend, diese so 
endstandig, meist gruppenformig vereinigt, Protosteie klein, rund, Epidermis 
mit Spaltdffnnngen. 

Psilophyton Dawson, mehrere Arten im Unterdevon, weit verbreitet, Alte und 
Neue Welt. 

Dawsonites Halle, fruchtende Sprosse unklarer Plerkunft, aber vom Ban der 
Psilophyton^FinktiUksdion. 

Taeniocrada White, Sporangien am Ende kurz verzweigter Seitensprosse, 
mehrere Arten in Unter-Mitteldevon, T, decheniana massenhaft im „Haliseriten- 
schiefer” des rheinischen Unterdevons. 

Hicklingia Kidst. dc Lang, Luftsprosse nackt, biischelformigbeieinanderstehend, 
am Ende keulenfdrmige Sporangien tragend, Unterdevon. 

Fam. IV. Zosterophyllaceae 

Luftsprosse bei einigen ± biischelfarmig angeordnet, wenig verzweigt, Sporan- 
gien an kurzen Seiten^sten sitzend, d: ausgepragt zu Standen vereinigt. 

Z osier ophyllum Daws. Sporangien zu kleinen ahrenahnlichen Standen vereinigt, 
± nierenfdrmig,sich mit breitem Querriss offnend, 3 Arten im Obersilur ( ?), Austra- 
lien, Unterdevon, Schottland, Rheinland. 

Barinophyton White, Pectinophyton FI&'eg, Bttchevia Dorf, verzweigte, fruchten- 
de Sprosse mit i einseitig orientierten Sporangien. 

Fam. V. Sdadophytaceae 

Luftsprosse thallusartig-sternformig vereinigt (vergl. Thallomia Heard aus dem 
Silur ?), selten verzweigt, von einer sehr schmalen Stele diirchzogen, oben kopfchen- 
artig verdickt, die Vermehrungsorgane (Sporangien?) tragend. 

Steinm., Unterdevon des Rheinlandes, Kanada. 

Dutoitia Hoeg, Siidafrika (Stellung sehr zweifelhaft). 

Fam. VI. Asteroxylaceae 

Luftsprosse im unteren Teil mehr monopodial, im oberen mehr gabelig verzweigt, 
die unteren dicht mit schuppenartigen Blattern besetzt, diese nacli oben iinmer 
kleiner werdend, obere Sprosse schliesslich („Thuvsophy ton’* —und ,,HostimeU 

/a’ ’-Stadium), Stele sternfdrmig, ohne oder mit Innengewebe (Mark?), mit Ab- 
zweigungen zu den Blattern,. aber nicht in diese eintretend, Sporangien klein, birn- 
fdrmig, am Ende der obersten (ob aller ?) nackten Spross-Systeme. 

Asteroxylon Kidst. & Lang, 2 Arten, Mitteldevon, Schottland, Rheinland. Hier- 
her wahrscheinlich viele der als Thursophyton Nath, (beblattert) und Hostimella 
Pot. Sc Bernh. (nackt) bezeichneten, sehr haufigen, aber nur im Abdruck erhalte- 
nen Stiicke. 

Fam. VII. Pseudosporochnaceae 

Luftspross hochwiichsiger als bei den iibrigen, Anatomie unbekannt, Hauptaclise 
bis zur halben Hdhe unverzweigt, dann sich btischelformig in wenige Aste teilend 
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diese gabelig verzweigt, seitlich mit buschelformig sich gabelig aiifteilenden feineren 
Sprosseii, deren letzte Endeii die ianglich-schmalen. Sporangien tragen. 

Pseiidosporochnus (Stur) Pot. & Bern., Mitteldevon d. Alten mid Neiieii Welt. 

Waiter werden noch die wichtigsten „Vorlaufer-Formen” zusammengestellt, 
deren Ban zu den lioheren Pteridophyten liberleitet, aber docli i psilophyten- 
artige Primitivziige aufweist. Sie lassen sich Asierojvylonhezw. Psetidospoyoch- 
nus anscliliessen. 

Fam. VIII. Drepanophycaceae 

Drepanophycus Goepp. {Arthrosiigma ’DAWS,), Sprosse bis zn nielireren cm dick, 
mit sehr diinner Stele, -unregelmassig mit dorn-oder stachelartigeii Blattern besetzt, 
diese mit Leitstrang, z.T. nierenformige Sporangien tragend, haufigim Unterdevon 
d. Alten iind Neuen Welt. 

Baragwanathia Lang & Cooks, dem vorigen ahnlich , Blatter aberlang, schlaff, 
Obersilur( ?), Australien. 

Haplostigma Seward, nur vegetative Sprosse bekannt, Sudafrika. 

Hieran schliessen sicli Formen wie Protolepidodendron KREjdi mit Gabelblattern, 
Unterbis Mitteldevon, Ban'andeina Stur mit verzweigten Blattern und Duishergia 
Kr. & Weyl., Mitteldevon, letztere mit komplizierter gebauter Stele (ahnlich 
Schizopodium Harris, Australien). Sie aile zeigen schon ± deutliche Ankiange an 
die echten Lycopodiales. 

Fam. IX. Protopteridiaceae 

Proiopievidmm Krejci, Mitteldevon {Milleria Lang), Sprosse noch unregel- 
mS-ssig raumlich verzweigt (z. T, HostimeUa-TY^\is), Stelenbau und Sporangien- 
anordnung aber an Fame und Pteridospermen erinnernd. 

Hieran schliessen sich Formen wie Aneurophyton Kr. & Weyl. (Eospermatopteris 
Goldring) und Cladoxylon scoparium Kr. & Weyl. aus dem Mitteldevon, die 
gewohnlich schon zu den Farnen gerechnet werden. 

Ziim Schluss seien die Gattungen zusammengestellt, fiir die Wiederherstellungs- 
versuche vorliegen: Psilophyton (Dawson), Hovnea, Rhynia, Asteroxylon 
& Lang, Krausel & Weyland), Taeniocrada, Z osier ophy Hum, Sciadophyion, 
Pseudosporochnus, Drepanophycus, Protolepidodendron, Barrandeina, Duishergia, 
Protoptevidium, Aneurophyton, Cladoxylon scoparium (Krausel <& Weyland). 
Sie sind zum grosseren Teii in der auf S. 496genannten Schrift zusammengestellt. 




Chapter XVII 
LYCOPODIINAE 
by 

J. Walton (Glasgow) and A, H. G. Alston (London) 

Introductory. — Without giving a detailed account of the earlier 
systems of classification in which divisions of this group were included a 
few examples may be given to illustrate how the present system of clas- 
sification has evolved. Dillenius in his Historia Muscorum (1741) 
distinguished Selago, Lycopodium, Selaginoides, and Lycopodioides as 
distinct genera. Selaginoides included Selaginella Selaginoides, while Xy- 
copodioides included other species of Selaginella, Calamaria was the name 
given to what is now termed Isoetes. Homospory or heterospory and the 
presence or absence of a ligule were not recognised as of important diagnost- 
ic value until near the end of the following century. Linnaeus in the 
Species Plantarum (1753) included the Lycopods among the Mosses 
while Isoetes was placed with the Filices. Sprengel in the Systema Ve- 
getabilium (1827) recognised the existence of dimorphic sporangia but 
did not regard it as of diagnostic value. He included Psilotum and Ly- 
copodium in the Lycopodeae hnt his Lycopodium included Selaginella as 
Y^ell ns Lycopodium, Endlicher (1836) classified the Lycopods as follows: 

Ordo XXV Isoeteae (Isoetes, Stigmaria and Lepidodendron Veltheimianum). 

Ordo XXXVI Lycopodiaceae {Psilotum, Lycopodium, Lycopodites, Selaginites. 

Lycopodium including Lepidotis, and Stachygynandrum) , 

Ordo XXXVII Lepidodendreae {Lepidodendron, Ulodendron, Lepidostrohus, Car- 
diocarpon) . 

That there were two kinds of spores in ceitnin species of Selaginella 
was known to Dillenius, but the exact nature of the megaspores was long 
disputed and some botanists thought that they were gemmae. The nature 
of the spores of Lycopodium wns shown by Lindsay in 1792, who germinat- 
ed those of X. cernuum; they were previously thought to be pollen’ grains. 
Beauvois created his genera Siachygynandmm, Diplostm and Se- 
laginella ior those species which he knew to have megaspores — ''semences’' 
as he called them. Robert Brown in 1820 used the presence of megaspores 
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for his main sectional division, and Brongniart (Hist. Veg. Foss. 1837) 
recognised heterospory in S tacky gynandrmn {= SelagineUa Spring) and 
IsoMes. He considered however that secondary wood in Sigillana was an 
index of gymnospermous affinity, a mistake that Williamson corrected. 
Recently it has been shown that some Selaginellae of the rupestris giou-p 
have megaspores only. The number of megaspores is very variable ; 
sporangia with a single spore are found in S. monospora, while Diterden 
records as many as 42 in cones of S. Willdenovii, The fossil Selaginellites 
Siiissei had 16 to 20 megaspores in each sporangium. The arrangement of 
the sporangia has been little studied and may be useful for separating 
groups of species. 

Stur in 1 875 detected the presence of a ligular put on the leaf cushion of 
Lepidodendfon and compared it with the pit which contains the ligule in 
SelagineUa and Isoetes. Solms-Laubach demonstrated the presence of the 
ligule in a structurally preserved Lepidodendron in 1892. Spring (1842--50) 
in his classic monograph dealt very fully with the Lycopodiaceae. He 
recognised four genera, 1. Lycopodium , 2. SelagineUa, 3. Tmesipteris, and 
4. Psilotum, He subdivided the genera into sections and groups of species 
and drew attention to the dorsal rhizophores of the Selaginellae with ar- 
ticulate stems. Spring’s work was followed by Baker’s Fern Allies (1887) 
which separates the Selaginellaceae from the Lycopodiaceae but leaves 
Psilotum and Tmesipteris in the former. In Pritzel’s classification (in 
Engler and Prantl, 1900) the Lycopodiales are divided into the two groups 
Eligulatae (inch Lycopodiaceae and Psilotaceae) and Ligiilatae (incl. Se- 
laginellaceae, Lepidodendraceae, Bothrodendraceae, SigUlariaceae, and Isoe- 
iaceae). Lotsy in 1 909 divided those i\rchegoniates in which the sporophyte 
is the conspicuous part of the life-history into two divisions based on the 
numbers of flagella on the spermatozoid. As the nature of the spermatozoid 
in the majority of the groups is unknown, for they are fossils, this classifi- 
cation has little to recommend its adoption. It also has the effect of placing 
Isoetes in closer proximity to the Ferns than to the Lepidodendraceae and 
Selaginellaceae wiili which it agrees closely in several important morpholo- 
gical characters. The Psilotaceae are now placed in the Psilotales, 

The following system of classification is based very largely on that given 
by Hirmer (Handbuch d. Palaobotanik, 1 927) for the fossil representatives 
of the group. 

Lycopodiales 

Microphyllous pteridophytes with usually frequently branched axes, upright or 
creeping. Sporangia borne singly on the upper side of the fertile leaf, near to its 
base. Sterile leaves and fertile leaves not differing greatly in structure. Sporangium 
with wail consisting of several layers (Eusporangiate type). Gametophytes small, 
tuberous. 
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Div. I Eligulatae (a) Homosporeae. 

Fam. 1. Lycopodiaceae 

Shoots generally of radial construction. Leaves arranged in spirals or whorls, 
rarely dimorphic. Fertile leaves usually aggregated in definite cones. Sporangia 
homosporous. Gametophytes tuberous, green or colourless, with mycorrhiza. Sperm 
biciliate. 

Gen, I Lycopodium. — A large genus containing both terrestrial species char- 
acteristic of acid soils in the temperate regions, and tropical epiphytes. Sporangia 
compressed, unilocular, dehiscing by a single slit, solitary in the axils of more or 
less modified leaves. The classification given here mainly follows that of Herter, 
though Ufostachys, which he raised to generic rank in his later papers, is kept as a 
subgenus. Subgenus I. XJROSTACHYS. Branching regularly dichotomous. Stems 
rooting at the base only. 

This subgenus, which is sometimes separated as a genus, contains the great major- 
ity of the species of Lycopodium. It may be divided into three sections, as follows : 

Sect. 1 . Sdago. Erect terrestrial species. Leaves and sporophylls similar. 

Sect. 2. Suhselago. Pendent epiphytes. Leaves and sporophylls similar. Leaves 
gradually diminishing in size towards the apex of the stem. 

Sect. 3. Phlegmaria. Strobili strongly differentiated from the vegetative part. 

Subgenus II. CLAVATOSTACHYS. Branching apparently monopodial, owing 
to unequal dichotomy. Strobili terminal, peduncled. Leaves multifarious. Strobili 
1-20, creeping plants. 

A subgenus containing the cosmopolitan and variable L. clavaium and several 
other temperate or mountain species. 

Subgenus III. COMPLANATOSTACHYS. Branching apparently monopodial. 
Strobili terminal, usually peduncled. Leaves distichous and dimorphous. Strobili 
terminal 1-20, rarely more, creeping or climbing plants. 

The species of this subgenus show a parallelism with Selaginella in their dim- 
orphous leaves : this is especially marked in L. volubile, a climbing species. In L. 
casuarinoides the apices of the leaves are hyaline and deciduous. 

Subgenus IV. CERNUOSTACHYS. BTSiTich.ing apparently monopodial. Plants 
with tree-like branches springing from a creeping stem, which roots at intervals. 
Strobili 50-100, not peduncled. Valves of the sporangium unequal. 

A small and very distinct group containing only the common tropical L. cernuum 
and a few allied species. 

Subgenus V. INUNDATOSTACHYS. Branching apparently monopodial. 
Sporophylls similar to the leaves; strobili terminal. 

The European L. inundatum and the north American L. alopecur aides belong to 
this subgenus. 

Subgenus VI. LATERALISTACHYS. Branching apparently monopodial; 
strobili lateral. 

There are only two species in this subgenus. X. laterals and L. diffusum; they are 
natives of Australia and New Zealand. 

Gen. II. Phylloglosstlfni. — Small plant with a very short axis arising from an 
annually produced tuber. The leaves terete, subulate, arranged in a tuft round the 
base of the axis. Roots arise above the tuber but below the leaves. Axis terminates 
in a strobilus of the Urostachys type. Sporangia homosporous, unilocular, dehiscing 
by a longitudinal slit. Sporophylls broadly ovate, imbricated. 

A single species, P. Drummondii is found in Australia and New Zealand. This 
genus is very similar to Lycopodium, especially to X. in its mode of 

development, but different from most species in its vegetative characters. It has 
been suggested by Bower that Phylloglossum should be regarded as a permanently 
embryonic form of Lycopod. Its chief interest lies in the discussion of the morphol- • 
ogy I of the tuber. Miss Sampson considered that it was a modified branch, while 
WoRSDELL compared it with the rhizophore of Selaginella. Osborn has shown that 
accidentally detached leaves will grow and form adventitious tubers. Tubers are not 
confined to this genus of Lycopods but have been recorded in Lycopodium tuberosum. 
Holloway considered that the protocormous tubers of certain other species of 
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LycQpodmm were xerophytic adaptations rather than persisting rudiments of a 
primitive organ, 

Gen. III. Speiicerites (Carboniferous). — Sporophyii peltate with a leaf -like 
umbo. Eligulate. Spores winged. Only the cone known. 

Note: • — While it is true that the fossil plants Pinacodendron, Lepododendropsis, 
I and Cyclostigma are heterosporous, it is still possible that they may prove to be 

j Zigtilatae. The structure of the base of the leaf in those genera is not known. The 

majority of their leaves were fertile and the ligule if it were present in the usual 
I position on the abaxial side of the sporangium would not be seen on the stem after 

[ the abscission of the leaves. 

j Diw 11. Ligulatae {a) Heterospoveae. 

I a. Herbaceous types. 


I 


Fam. IL Selaginellaceae 

Genus Selaginella. — Shoot usually creeping and dorsiventral with leaves in four 
ranks. Ligule present at base of each leaf and sporophyii. In most species three 
roots are present at the base of the stem axis in the sporeling. The rest of the root 
system is produced from rhizophores, special branches of the shoot system. The 
roots and rhizophores fork dichotomously. Heterosporous, gametes biciliate. 

I. Subgenus E USELAGI NELLA . Leaves and sporophylls uniform. 

1. Group of S. Selaginoides .Sporophylls spirally arranged. 

The most primitive group of species with uniform leaves. There are only two 
species, 5. Selaginoides, w^hich is widespread in the north temperate zone, S. deflexa 
a closely allied species from Hawaii. 5. Selaginoides is the only species in which sec- 
ondary xylem elements have been recorded. The stele is solid at the base of the 
shoot, with a central pith in the upper part. The root system arises from a swollen 
knot at the base of the hypocotyi which may be compared with the rhizophon'c 
^axt oi Isoetes. 

2. Group of 5. pygmaea. Strobili tetragonous. Leaves decussately arranged, at 
least in the lower part of the stem. 

The two species, S. pygmaea and 5. gracillima are annuals. Miss Duthie has shown 
that anisophylly may be brought about in S. pygmaea by one-sided illumination, 
and it has been suggested that isophylly is secondary rather than primitive in this 
species, S. has a radial stele with, solid core of xylem. 

3. Group of S, uliginosa. Strobili tetragonous. Leaves decussate. 

A single species, S. uliginosa with, according to Miss Stele, a well-developed 
solenostelic rhizome and erect aerial shoots; the erect shoots have four steles. 

4. Group of S. rupesiris. Stxohili tetragonous. Leaves linear, spirally arranged. 

A group of xerophytic species with many narrow^ needle-shaped, spirally 

arranged leaves, and a single banded stele. 

11. suhgenxLS STACHYGYNANDPUM. Leaves dimorphous, sporophy s 
uniform. 

This group contains the vast majority of the species of Selaginella, namely those 
with uniform sporophylls and some or all of the leaves dimorphous. , 

Series 1. Decumbentes. Prostrate species with their main stems rooting 
throughout. Connected wnth Euselaginella hy S. sanguinolenta which may have 
either uniform or dimorphic leaves. Goebel and Suessenguth have showm that 
dimorphic leaves are induced by wet conditions in this species. Some of the species 
of this group have hairs on the surface of the leaves, e.g. S. Jiispida, S. Lindenii, 

S. alligans climbs by means of rhizophores which develop disc-like pads similar 
to those of the tendrils of Parihenocissus iricuspidata. S. serpens is well known 
for the periodic changes in the colour of its leaves. 

Series 2. Ascend e n t e s. Suberect species, often with a single banded stele; 
usually with conspicuous rhizophores in the axils of the lower branches. 

5. irachyphylla is remarkable for the rough papillose surface of the leaves. 

Series 3. S a r m e n t q s a e. Suberect scandent or rarely prostrate, polystelic 

species, with distant, entire leaves. 
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S. WilldeMovii and S. caesia are remarkable for the metallic sheen of their leaves. 
This is due to the presence of particles in the cutin of the epidermis which reflect 
certain rays of light. S. picta is normally variegated. 

Series 5. Caulescent es. A large group of erect species. The simple erect 
part of the stem is usually homophyllous and the branched frond-like part hetero- 
phyllous. Some species S. Braunii, 5. Vogelii, and S. biformis have unicellular hairs 
on their stems and branches. S. haematodes, S. iimhvosa, and 5. erythropus are 
remarkable for their bright red stems. The winged megaspores of S. caulescent are 
specially noteworthy. Banded steles are usual. 

Series 6. Circinatae. A small group of xerophilous species derived either 
from the C a u 1 e s c e n t e s or from the Decumbentes through some such 
species as S. siamensis. S. lepidophylla and 5. pilifera are sold under the name 
“Resurrection plant”. The stems curl up when dry and expand when moistened. 5. 
palUscens is known to have a banded stele. 

Series 7. Articulatae. A group of tropical American species with articulate 
stems. The articulations are often very conspicuous in dried specimens and (ac- 
cording to Harvey-Gibson) are due to hypertrophy of the middle layers of the 
cortex. According to Hieronymus they enable the plant to propogate itself vegeta- 
tively, by the breaking up of the stems. An important character seems to be that the 
rhizophores are dorsal and extra-axillary in this group while they are ventral and 
axillary in the other groups. Two steles are usual, but 3-5 are sometimes found. 

III. Subgeniis HOMOSTACHYS. Leaves dimorphous. A small group of species 
with creeping stems and loose strobili. The sporophylls are equal in S. Helvetica, 
and dimorphous in the other species S. pallidissima, S. SavatieH, and S. Rothevlii. 
They are probably allied to 5. denticulata which has a variety with dimorphous 
sporophylls that is found in wet places. 

IV. Subgenus i7L^r£:i?OST^Ci/yS. Sporophylls dimorphous. A large group of 
heterophyllous species characterised by their strongly dimorphous sporophylls. 
The sporophylls are of two kinds, the large sporophylls on the upper surface of the 
stems in the same plane as the small, median leaves, and the small sporophylls on 
the lower surface on the same plane as the large leaves. Vegetative reproduction has 
been reported by Miss Bancroft in two Indian species, and tubers in S. abyssinica 
by Chiovenda, 

Selaginellites Zeiller (Extinct) (e.g. 5. Suissei Zeill., S. primaevus Gold.). 

Leaves heterophyllous as in Selaginella. Ligule not detected. Hetei'osporous. 

Fatn. Ill, Isoetaceae 


Axes short, erect, with crowded, acicular leaves all of which may be fertile. 
Base of axis swollen with a meristem which produces roots in regular succession. 
Roots dichotomously forked. 

Isoetes. Axis very short. Rhizophoric part of axis lobed, root producing meristem 
in grooves between lobes. All the leaves may be fertile. Heterosporous, gametes 
polyciliate. The most recent classification of the species is that of Pfeiffer (Ann. 
Miss. Bot. Gard. IX, pp. 29-232), which is based on the sculpturing of the mega- 
spores. 

Nathorstiana (Cretaceous) . Axis very short. Lower part of leaf bearing axis 
sterile, upper part fertile. Spores unknown. Rhizophoric region obscurely lobed. 
Roots in vertical series. 

Pleuromeia {Tiimsic). Axis short, leaf-bearing part of axis elongated, the older 
part with wddely separated leaf scars. Sterile leaves long. Fertile leaves short, 
almost orbicular, grouped at distal end of axis. Rhizophoric base, of stem lobed. 
Roots distributed uniformly over lobes. Heterosporous, liguiate. 

Note. Some authors have considered that the evidence is in favour of the 
sporangium being on the abaxial surface of the sporophyll. This evidence is not 
reliable. Shrivelled or compressed leaves oi Isoetes appear to have the spore mass 
projecting on the abaxial surface. The apparent projection of the spore mass in 
Pleuromeia be accounted for by supposing that the softer tissues have 

been compressed by the surrounding sediment. ^ 
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Fam. IV. Miadesmiaceae (Carboniferous) 

Axes slender, branched. Small leaves with large ligules. Heterosporous. 

The sporangium invested with an integument covered with multicellular hairs. 

Miadesinia. Only genus. 

h. Arborescent types. 

Fam. V. Lepidodendraceae (Palaeozoic) 

Trees with main trunk bearing a crown of branches. Branching often apparently 
dichotomous. Leaves vary in size on the same plant, larger leaves on the trunk and 
main branches, smaller leaves on the ultimate branches. Leaves deciduous with a 
persistent base. Ligule present in a pit on the leaf base. The surface of the trunk 
and branches is covered with the contiguous diamond-shaped leaf bases. The leaf 
scar shows the smaller scars of vascular bundle and two parichnos strands. Cones 
borne terminally on the ultimate branches or on special lateral peduncles on the 
trunk or main branches. Microsporangia and megasporangia in the same cone or in 
different cones. The basal part of the axis {Stigmaria) rhizophoric. There are four 
main rhizophoric branches each of which may branch equally. The roots are distri- 
buted regularly over the rhizophore and its branches. The rhizophoric meristems are 
situated at the extremities of the root bearing branches (cf Pleuromeia ) . 

Lepidodendron (inch Lepidophyllum, Lepidostrobus, Stigmaria (in partem), Knor~ 
fia, Aspidiopsis, Aspidiavia etc.). 

Leaf cushion rhombic with leaf scar in the middle or upper part of it. 

Lepidophloios (inch Halonia), Leaf cushion drooping so that the leaf scar appears 
to lie below the centre of the leaf cushion. Cones borne on the ends of peduncles on 
the trunk and main branches. 

Fam. VI. Lepidocarpaceae (Carboniferous) 

Cones bearing megasporophylls. Each megasporophyll with a single megaspore 
in the sporangium. Prothallus developed in the megaspore before the sporophyll 
or spore become detached. Sporangium enclosed in an integument. Micropyle in 
the form of a slit-like opening over the upper surface of the megasporangium. — 
Lepidocarpon. 

Fam. VII. Bothrodendraeeae (Carboniferous) 

General hsihit like Lepidodendron. Leaves attached to the young branches by 
diamond shaped leaf cushions. As the branches matured the leaves became detach- 
ed and the leaf bases became gradually stretched flat and obliterated. As a result 
the leaf scars appear widely separated on the almost smooth surface of the branch. 
Leaf scar shows the scars of leaf trace and usually two parichnos strands. Tlieligular 
pit may be seen on the branch surface at some distance from the leaf-scar. Two 
vertical rows of branch scars are present on the trunks and main branches which 
probably represented the points of attachment of cone peduncles. Heterosporous. 

Boihrodendron. 

Note. In the surface characters of the shoots and the behaviour of the leaf 
cushions Bothrodendvon is intermediate between Lepidodendron and some species 
of Sigillaria. 

Fam. Vin. Sigillariaceae (Palaeozoic) 

Trees with unbranched or rarely branched axes. Leaves long (up to 1 metre in 
length) attached to the later formed part of the trunk or branches, separating when 
older by an absciss layer. The persistent leaf bases with various arrangements. 
Leaf scar shows scar of leaf trace and two parichnos strands. Cones borne on special 
peduncles. Cone peduncles grouped in zones on thetrunk and branches. Rhizophoric 
base similar to Lepidodendron. 
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Sigillaria. t -ushions always clearly marked and distinct. 

Srb^'roup Leaf s^ars distinct on six-sided leaf cusWon and arranged 

in numerous vertical series. ^ becoming less pronounced or 

JiUpS fn'fi “y. ne Wto. t. tom .total rib. .• .to .to 

brandies. n and LBiodBVfyiciyio/') • Leaf cusbions nevei 

.nSXV/o-rSSrn f^at tdeleaf scars appear to be 

situated on a smooth stem surface. 

Lycopodlales Incertae Sedls. 

.ype.. Li8.ta to "* toObtottoto (Son.. to..,o.- 

‘■“"'StoSS W. Witt 1..I Otobta. Usnta ” Ugoto Pl*- «“* tomonto... 

ed. Palaeozoic. 

Archaeosigillavia 

Omphalopkloios 

CJlodendron 

Phialophloios 

Thaumasiodendron 

Leptophloem 

Arctodendron ^ j 

Porodendron (probably = Bothrodendron) 

f A Arborescent types without clearly marked leaf cushions or ligular pits. 
Cyclostigma (Heterosporous) Palaeozoic 

Pinacodendron ,, 

Asolanus 

Protasolcmus i ” ’v/r 

S’4“ftor.o toSgn“ ™^ri“fni^.“'S^n: s:,rs 

marks are not Visible. 


Chapter XVIII 


PSILOTINAE 


von 

Max Hirmer (Miinchen) 

Die Gruppe, von der fossiie Formen bis jetzt noch nicht bekannt geworden 
sind, umfasst die beiden lebenden Gattungen : PsiloUtm Sw. und T mesipteris 
Bernh. Jede der beiden Gattungen umschliesst nur eine geringe Anzahl 
Arten. Die Gruppe ist, worauf spater noch einzugehen sein wird, in ihrer 
phylogenetischen Stellung die am meisten umstrittene, insoferne sie in Be- 
ziehung einerseits zu den Lycopodiales, anderseits zu gewissen Articulatales , 
insbesondere, zu Sphenophyllum, sowie naturlich auch zu den Psilophytales 
gebracht worden ist. Erst durch die neueren und neuesten Entdeckungen 
an den devonischen Psilophytales konnte — ohne dass damit gesagt werden 
soli, dass die Gruppen stammesgeschlichtlich irgendwie n a h e r mitein- 
ander in Beziehung stehen — eine gewissen Klarheit in die Ausdeutung der 
morphologischen Verlialtnisse der PsUotales gebracht werden, und sicher 
steht jedenfalls test, dass es sich beiden PsUotales um eine derjenigen Pte- 
ridophyten-Gruppen handelt, die wie die Articulatales und Lycopodiales 
in den Komplex der m i k r o p h y 1 1 e n Pteridophyten gehort. 

1, Gam e t O p h y t. Die erst vor weniger als 20 Jahren entdeckte.n Gameto- 
phyten von und Tmesipteris haben miteinander gemeinsam, dass sie — 

ebenso wie das iibrigens fur die Jugendzustande des Sporophyten zutrifft — unterir- 
disch lebende, chlorophylifrele Holosaprophyten sind, ausgeriistet mit einer endo- 
trophen, letzten Endes auch exotrophen Mykorrhiza, wxlch letztere durch Infek- 
tion der Rhizoiden erreicht wird. Die Gametophyten beider Gattungen stiminen in 
ihrer G e s a m t e r s c h e i n u n g weitgehend iaberein, sind radiar zylindrisch 
und haufig mehr Oder minder gabelig verzweigt ; sie haben sehr langsam wachsende 
Apikal-Meristeme an den jeweiligen Gabelteilstiicken ihres Gesamtkorpers, sind 
ringsum mit iangen, aber einzelligen Rhizoiden besetzt und tragen die Geschlechts- 
organe, sowohl die Antheridien als die Archegonien, iiber ihren Gesamtkorper ver- 
teiit.' ■, 

Hervorzuheben ist, dass der Gametoph^d: von PsiloUim of fenbar b i polar gabel- 
teilig ist, im Gegensatz zu dem offensichtlich u n i polar gestalteten Gametophyten 
von Tmesipteris. 

Die Tatsache der B i polaritat des Gametophyten von Psilotum ist insoferne von 
hervorragendem Interesse als der Gametophyt von somit die primitivste 

Grund-Gestaltung aufweist, die tiberhaupt mdgliGh ist. 
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Die offenbar aus e i n e r Epidermiszelle hervorgelienden A n t li e r i d i e n 
sind gross und von kugeliger Gestalt und springen insbesondere bei Psilotum er- 
heblich liber die Oberflache des Gametophyten hervor; es ist aber zu betonen, dass 
die j n n g e n Antheridien-Anlagen noch kaum. iiber die Oberflache hervortreten. 
Die in grosser Zahl im Antheridium gebildeten Spermatozoiden sind mehr 
minder keulenfdrmig und schraubig-gewunden und polyziliat. Letztere Eigentiim- 
lichkeit, die zweifellos nur die stammesgeschichtlich fortgeschrittenen Pterido- 
phyten charakterisiert, ist insoferne von besonderem Interesse als sie sich hier bei 
Gametophyten findet, deren Gesamtorganisation offensichtlich noch eine noch 
primitive ist. Die A r c h e g o n i e n, deren Oeffnung offenbar durch Abbrechen 
des oberen Halsteiles erfolgt, sind bei den beiden Gattungen insoferne etwas ver- 
schieden gebaut als bei Psilotum die Halsreihe aus 6, bei Tmesipteris aus 4 Etagen 
von Zellen besteht, Zahlenverhaltnisse der Halskanalzellen sowie Existenz der 
Bauchkanalzelle sind nicht mit Sicherheit ermittelt. 

2. S p 0 f 0 p h y t. Der Embryo ist exoskop, d.h. der Sprossscheitel der 
bei beiden Gattungen nur uni polaren Sporophyten-Anlagen ist dem Halsteil 
des Archegoniums zugekehrt. Der Fussteil erreicht in alteren Embryonalzustanden 
gegen den Gametophyten hin insoferne eine Oberfl^chen-Vergrosserung, als er 
mehr minder weitgehend lappig zerteilt sein kann. Was aus der Embryonalanlage 
hervorgeht, ist, wie schon eingangs betont, ein zunachst blatt- und chorophyllloser 
Holosaprophyt von u n i polarer Gesamtfassung. Es sei hier schon darauf hinge- 
wiesen, dass die Gesamtgestaltung des j ungen Sporophyten weitehendst an die 
Gestaltung der primitiveren Psilophy tales wie Rhynia u.a. erinnert. 

Die spateren Zusthnde des Sporophyten zeigen bei stets unipolarer 
Grundgestaltung eine Differenzierung in ausgesprochen rhizomartige, chloro- 
phyllfreie und mit Mykorhiza versehene sowie ringsum mit Rhizoiden besetzte 
Rhizome, denen jede echte Wurzelbildung fehlt und anderseits in beblatterte 
und letzten Endes Sporophylle tragende, mehr oder minder gabelteilige Licht- 
sprosse. Den Uebergang zwischen Rhizom und eigentlichen lichtspross vermit- 
telt eine oft iiber eine Anzahl Centimeter ausgedehnte Uebergangszone; diese ist 
in ihrem unteren Teil noch vollig blattlos um an ihrem oberen Teil mehr minder 
weitgehend mit Schuppenblattchen besetzt zu sein . 

An den eigentlichen L i c h t s p r o s s e n ist die Beblhtterung bei den 
beiden Gattungen verschieden. Bei Psilotum sind die Laubblatter lediglich auf 
kleine leitbiindellose Schuppen reduziert; bei finden sich wohl-entwi- 

ckelte Blatter von lederiger Textur und von Anfang an vertikaler Ausrichtung der 
Spreite. In die Blatter von Tmesipteris tritt ein Leitbiindel ein, das aber nicht zu 
ihrer Spitze, sondern nur etwas bis zur Mitte weit durchzieht. 

Die Wuchsform der Lie h t s p r o s s e ist eine verschiedene; sie ist 
bei Psilotum in der Regel aufrecht und ziemlich. reichlich gabelteilig, hQi Tmesipteris 
dessen Lichtsprosse nur wenig gabelteilig sind, sind samtliche Formen von T. tan- 
nensis halb aufrechte oder hangende Epiphyten, whhrend T. Vieillardi Q.xiiTQch.ten 
Wuchs hat. 

Die xeromorphe Blattstruktur bei Tmesipteris bezw. die Reduktion der 
Schuppen bei Psilotum erscheint verstandlxch in Hinblick auf die Tatsache, dass 
abgesehen von T. Vieillardi samtliche Arten Epiphyten sind. 

A n a t o m i e: Die offensichtlich primitivste Fassung der Stele liegt bei den 
Lichtsprossen y on Psilotum vox, die stellat-protostelisch sind bei wechselnder Zahl 
(3-10) der Stemvorspriinge im Querschnitt. Protoxylem exarch, gelegentlich 
Spuren von Sekundarxylem. Kern der Protostele nicht mehr aus Tracheiden son- 
dern aus Sklerenchym gebildet. Bei Tmesipteris besteht die Stele aus einer Anzahl 
urn das zentrale Mark geordneter Btindel, die in ihrem Inneren in der Regel selbst 
noch etwas Parenchym enthalten, bei T. Viellardi sind die Verhaltnisse insoferne 


P Dies scheint wenigstens sicher fiir festzustehen. 

2) Diese Ubergangszone springt auffalliger ins Ange hei Tmesipteris, wo am eigent- 
lichen Lichtspross-Teil echte Laubblatter gebildet werden wahrend hei Psilotum 
sich auch am oberen Lichtspross-Teil nur Schuppenblatter bilden 
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iiocli primitiver als bei T. tannensis als markstandig Xyleni strange vorlianden 
sind, • — ein wohl letzter Rest einer urspriinglich — ■ wie jetzt nocli bei Psilotum — 
protostelischen Gesamtfassung des Xylems. Das Phloem bei Tmesipteris ist kein 
einheitlicher Zylindermantel sondern umgibt mehr minder vollstandig jedes der 
einzelnen Stelenbiindel. 

Die im Querschnitt aus nur wenigen Traclieiden bestehenden B 1 a 1 1 s p ii r- 
strange im Lichtspross von Tmesipteris (bei Psilotum sind wie obeii bemerkt 
— liberhaupt keine Blattspuren entwickelt) sind entweder solid oder haben etwas 
Parenchym in der Mitte. 

Hervorzuheben ist, dass die Parenchymstellen zwisclien den einzelnen Xylem- 
blindeln der Stelenperipherie von Tmesipteris keinerlei Beziehnng zu den Matt- 
spurabgangen aufweisen also keineswegs Blattliicken darstellen. In der Ueber- 
gangsregion von Rhizom zu Liclitsprossen reichen die Blattspiirstrange lediglicli 
bis an die Ansatzstelle der auf Schuppen reduzierten Blatter, — eine Ersclieiniing 
die in der gleichen Ansfiihrung bei der Psilophytale Asteroxylon mackiei festgestellt 
ist. 

Vegetative Vermehrung kann bei Psilotum iriqueinim zufolge Brnt- 
korperbildung ans den Rhizoiden der Rhizome stattfinden. Es handelt sich urn 
Zellkorper, die zunachst and aucli noch nach Ablosung von der Mutterpflanze chlo- 
rophyllfrei sind und holosaprophytisch leben, die aber nach allmaiilicher Erstar- 
kung cliloropliyllhaltige Lichtsprosse. entwickeln konnen. 

Die Sporophylle sind in ihrer Deutung sehr umstritten. Tatsache ist, dass 
bei Psilotum ein dreiteiliges Sporangium zwischen den Teilen des in 2 Stummel 
kollateral geteilten Schuppenblattes sitzt, und dass bei Tmesipteris ein zweiteiliges 
Sporangium zwischen den kollateralen Teilstlicken des in etwa ein Drittel seiner 
Lange geteilten Sporophylls angebracht ist. Es handelt sich somit im Prinzip bei 
b e i d e n G attungcn urn ein und dieselbe Erscheinung, die nur dadurch 
ausserlich starker verschieden erscheint, dass bei Psilotum die Sporophylle wie die 
vegetativen Bia,tter auf keine Stummel reduziert sind im Gegensatz zu Tmesipteris, 
wo vegetative Blatter und Sporophylle bei vertikaler Ausrichtung breitflachig ent- 
wdckelt sind. Es ist aber zu betonen, dass bei Psilotum und Tmesipteris die vege- 
tativen Blatter einfach, die Sporophylle dagegen kollateral geteilt sind. Vergleichs- 
weise belanglos ist, dass die Sporangien bei Psilotum in der Regel 3-teilig, bei 
Tmesipteris nur 2-teiUg sind, wobei, — beilaufig bemerkt, — es im Prinzip nicht 
viel anders ist, wenn man die Sporangien, statt sie als geteilt aufzuiassen, als Spo- 
rangiengruppen von 2 bezw. 3 weitgehendst miteinander verwachsenen Sporangien 
betrachtet. 

Das Lageverhaltnis und die morphologische Beziehung des Sporangiums bezw. 
Synangiums zu dem sterilen iaubigen bezw. schuppigen Teil des Sporophylls wird 
wohl am besten erfasst, wenn mann annimmt, dass das G e s a m t sporophyll der 
Psilotaceen als ein serial geteiltes aufzuiassen sei, wobei der a b axiale noch einmal 
kollateral teilende Abschnitt laubig bezw. schuppig ausgebildet und wobei der 
a d axial stehenden Abschnitt fertil und zum Sporangiophor wird, an dessen Distal- 
ende das erwahnte 2 bezw. 3 geteilte Sporangium bezw. das 2 oder 3 teilige Synan- 
gium getragen wird. Der Tragerstiel des Sporangiophors, dessen Lange stets exakt 
der ungeteilten Strecke des kollateral gnteilten abaxialen Sporophyll- Abschnittes 
entspricht, ist so weitgehend mit dem letzteren verwachsen, dass es den Anschein 
hat, als sasse das Sporangium bezw. das Synangium zwischen den kollateralenTeil- 
halften des abaxial serialen Teilstiickes. 

Es ist offensichtlich, dass eine derartige Auffassung die Sporophyll- Gestaltung 
der Psilotaceen in weitgehendem Masse mit der vieler ArticulataleSy insbesondere 
von Sphenophyllum, in Beziehung bringt, wobei ausdriicklich betont sein soli, dass 
es sich dabei zunachst lediglich um eine rein formale morphologische Konvergenz 
im morphogenetischen Sinn handeln kann, nicht aber um Diiige, die als Ausdruck 
einer phy I ogenetischen und somit engeren Beziehung der genannten Gruppen 
gedeutet werden brauchen. 

Die S p o r a n g i e n w a n d ist mehrschichtig, "wobei der Inhalt der inneren 
Schichten im Laufe der Entwicklung des Sporangiums weitgehendst fiir die Aus- 
bildung der Sporen mit verwandt wird. Das Exothezium (ausserste Sporangium- 
wand) weist keine besondere Wand verdickung auf, W'Olil aber sind die Seitenwande 
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ve^UoUt. Tapeten.eUen>ind ^ 

S F-ktion der Tapeten.ellen erfUllen. 

3. Z«r StanimesgeschUht.^^^^^^^^ 

ictUs in vieler Hmsicht f. Verhaltnisse erst gegeben wird nnter Her- 

herausgestellt, was die Gruppe der 
Psilotales an o^'h Tn G a m e t o p H y t u n d 

der eine der Haploph^e angehor tut nichts zur Sache. Das wesentliche 

wahrend der andere der Diplophase jn elLr Gestaltung vorliegen, 

dass nach der hier '^P’iSetr^^eAen uH g ^ Beziehungen 

sondere bei Sphenophyllum ""f es' mangels exakter, unter dieser 

Es sei hier aber nocli darauf hiclitlicher Untersuchungen zur 

Fragestellung abw sehr g^ut vorstellbar ist, dass der Sporophyll- 

Zeit nicht zu entsoheiden. =„ prinzipiell gleicher Gestaltungsvor- 

Gestaltung a 1 1 e r mikrophyllen £yp r^camt-Snoropliyll-Anlage zugrunde 

male Konvergenzen im Sinn rein p ^ ^ x ^jgj- Sporopbyllgestaltung 

kann. 

Einzeluntersucbungen von A. A, Lawson, j. Ji. xiui- 


Chapter XIX 


ARTICULATAE 

von 

Max Hirmer (Miinchen) 

Wahrend derzeit nur noch die einzige Gattung EquiseUim mit kanm mehr 
als 30 Arten lebt, hat die Gruppe der Articulatales zur Zeit des jiingeren 
Palaeozoikums eine vergleichsweise sehr erhebliche Formenfiille nnd Man- 
nigfaltigkeit entwickelt. Eine grosse Anzahl von z. T. artenreichen Gat- 
tungen ist aus dieser Zeit auf uns gekommen, teils an Hand struktur- 
bietender Reste, teils an Hand von inkohltem Material oder im Abdruck, 
Ueber die Zeit des eigentlichen Hohepunktes der Kraft-Entfaltung der 
Articulatales hinaus haben sich weiterhin noch bis ins Mseozoikum eine 
Anzahl Gattungen erhalten; so sind besonders aus der jiingeren Trias noch 
stattliche Formen bekannt. Wenn heute nur krautige Formen existieren, 
wahrend noch aus dem alt eren Mesozoikum, vor alien aber dem jiingeren 
Palaozoikum viele viel stattlichere und z. T. sogar baumfornaige Articula- 
tales bekannt sind, so darf daraus nicht general! auf einen allmahlichen 
Schwund der konstitutionellen Kraft der Gruppe geschlossen werden. Sind 
doch krautige, unseren kleineren Schachtelhalmen recht ahnliche Formen, 
schon aus dem Karbon bekannt, und war — wie das ubrigens auch fiir die 
Lycopodiales gilt — die Existenz der grossen baumformigen Typen an die 
im Karbon u. Rotliegenden herrschenden Klimaverhaltnisse angepasst und 
allergrosstenteils zufolge des zur sind diese Permzeit einsetzenden Klima- 
Umschwunges umgekommen. 

Fiir die S p e z i e 1 1 e S y s t e m a t i k der Gruppe gilt Folgendes, 
Bekannt sind: ‘ 

I) Protoartictilatineae 

1. C a 1 a m o p h y t a c e a e: 

Calamophyton Kr. u. Wld. 

2. H y e n i a c e a e : 

Hyenia Nath. 

II) Pseudoborniineae 

P s e u d o b o r n i a c e a e : 

Psmdohornia Nath. (Oberdeyon) 


I (Mitteldevon). 
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III) Sptienophyliineae 

1. Cheirostrobaceae: 

Cheirosfrobus Scott (Unterkarbon) 

2. Sphenophyllaceae: 

Sphenophyllum Bgt. (Oberdevon-Alttrias; hauptsachlich Karbon u. Perm) 

1¥) Equisetineae 

1. Asterocalamitaceae: 

ScHiMP. (Oberdevon-Unterkarbon) 

Pothocitopsis Nath, (Unterkarbon) 

A 2 itophy Hites GRTi. Kvry (Oberkarbon) 

Sphenasterophyllites Sterzel. (Oberkarbon) 

2. C a 1 a m i t a c e a e : 

Protocalamites Scott (Unterkarbon) 

Mesocalamites Hirmer (Unter- zu Oberkarbon-Grenze) 

Catamites Suckow (Oberkarbon u. Rotliegendes) 

A rthropitys Goepp. 

Arthrodendron Will u. Scott 
Calamodendron Bgt. 

Asifomyelon Will. 1 

Mynophylloides H. n. C. I Wurzelreste 
Pinnularia L. u. H. J 

Asterophyllites Bgt. ^ 

Anmdaria Stbg. I , ,, ^ . 

Lobatannularia Kawasaki plattreste u. beblatterte Zweige 

Calamariophyllum Hirmer 
Calamostachys Schimp. 

Palaeostachya Weiss 
Metacalam-ostachys Hirmer 
Cingularia Weiss 
Macrostachya Schimper 
Hiittonia Strg. 

3. E q u i s e t a c e a e : 

Equisetites Stbg. ( Karbon- Altkreide), 

Equisetum L. (Jung-Kreide bis Jetzt) 

Phyllotheca Bgt, (Oberstes Karbon bis Unterkreide) 

4. An hang: 

Neocalalamites Halle (Trias) 

Schizonewa Schimper (Oberstes Karbon- Jura) 

I. Protoarticulatineae : Von den echten Articulaten dadurch iinterschieden, 
dass weder in der Stammverzweigung noch in der Blattanordnung derjenige Exakt- 
heits-Grad erreicht ist, der die echten Articulatales charakterisiert. Sowohl bei 
Calamophyton Kr. u. Wld. als bei Hyenia Nath, ist der oberirdische Stamm un- 
regelmassig gabelig verzweigt; an den unteren Stammteilen Blatter noch nicht wir- 
telig sondern noch unregelmassig gestellt; erst in den hoheren Verzweigungsgraden 
•echte Wirtelstellung der Blattchen ; diese mehrfach gabelteilig. Sporophylle schild- 
formig, bei Calamophyton mit je einem, hei Hyenia rait je mehrerer Sporangien an 
jeder Schildhalfte, Bei entspringen die Lichtsprosse starken Rhizomen, in 

Quirlen zusammenstehend, aber nur die zenithwarts gerichteten austreibend. 

il. Psetidohorniineae : Gesamtwuchs ahnlich dem von Hyenia; Blatter regel- 
massig in 4-gliedrigen superponierten Quirlen an den Aesten 2ten, d.i. letzten 
Grades; bei den Bluten steter Wechsel von fertilen u. sterilen Elementen. 

III. Sphetiophyllitieae: Bgt. Artenreiche Gattimg. Pflanzen 

mit sehr langem, aber dunnem, maximal kailm hber 1 cm reich verzweig- 

tem Spross mit deutlicher Gliederung in Internodien und Knoten; an letzteren 
die Blatter (stets in superponierten Quirlen) und die Abgange der Aeste und Wur- 
zeln. Spross wie bei Pseudohornia lind den Proto articulaten noch massiv gebaut, je- 
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docli-im Gegensatz zu den genannten Formen-mit vergleichsweise starker Xylem- 
Bildiing. In der Rinde starke und mehrfache Periderm- Bildung. Primarxylem der 
Stele iin Querschnitt dreieckig, ganz aus weitiumigen Zentripetaimetaxylem-Tra- 
cheiden. Protoxylem an den drei Kanten, davon die Blattspurstrange abgehend ; 
Sekiindarxylem-Bildung friilizeitig einsetzend; znnachst an den Breitseiten der 
Xylemsaiile, spater aucli vor den Kanten, vor letzteren die Eiemenete kleinlumiger. 
Wie im Metaxylem vielreihig gestellte Tiipfel an den Radialwanden. Felilen nor- 
maler „Mark”strahlen ; diese jedoch vertreten durch Ziige Meinlumigeren Paren- 
chyms, die vertikal und horizontal zu den Sekundarxylemtraclieiden verlaufen. Im 
Phloem Siebrohren und Parench^mi. Spatere Phellogene aus dem Sekimdar- 
Phloem gebildet, Wurzein di- bis tetrarch mit reichlich Sekundarxylem — und Peri- 
derm- Bildung. 

Wie die Anatomie ist auch die aussere Erscheinung des Sprosses von der Drei- 
zahl beherrscht: Die Blattchen zu je zwei, drei oder vier mal dreien in superpo- 
nierten Quirlen. Die in ihrer Grundform keilformigen Blattchen sind bei den altes- 
ten Formen (des Oberdevon und Unterkarbon) stark zerschlitzt, bei den jiingsten 
Formen (vom oberen Oberkarbon ab) nngeteiit und meist grosser als bei den alteren 
Formen. Ein Teil der Arten heterophyll, indem feiner zerteilte Blattchen an den 
Sprossen niedrigen, unzerteilte an den Sprossen hoheren Verzweigungungsgra- 
des zu linden sind, Daher die urspriinglich irrtiimliche Auffassung, dass die 
Sphenophyllen, die in Wirklichkeit offenbar Lianen waren, Wasserpflanzen ge- 
wesen seien. Bei manchen homophyllen Arten sind die (hier immer nur 6) BbAt- 
tchen jeden Quirls nahezu in einer (der sie tragenden Sprossachse anliegenden) 
Ebene ausgebreitet, eine Art Blattmosaik bildend. 

Bliiten von verwickeltem Bau, indem die Sporophyllenlagen, in der Regel serial 
geteilt und die serialen Teilabschnitte ihrerseits oft nochmals serial und in der 
hberwiegenden Mehrzahl der Faile auch noch kollateral geteilt sind. 

Derartiges wird am besten an Hand des als Vorlaufer-Typ der Sphenophyllen 
anzusprechenden nur in der Bliite, nicht in vegetativen Teilen bekannten Cheiro- 
sirohus Scott dargetan. Hier ist die Sporophyil-Anlage zunadist serial und dann 
dreifach kollateral durchgeteilt. Dabei sind die abaxialen Abschnitte steril, die 
adaxialen fertil. Die einzelnen fertilen Abschnitte (Sporangiophore genannt) sind 
ihrerseits schildfdrmige Bild ungen mit je 4 Sporangien. Die Mannigfaltigkeit, die 
fur die Bliiten der Sphenophyllum-Aiten selbst festgestellt ist, entsteht nun dadurch 
dass einerseits die einzelnen Sporangiophore in ihrer Fertilitat reduziert sein 
konnen, indem ihre Schilder nicht 4, sondern nur etwa 2 oder 1 Sporangium tragen 
und dass anderseits die Zerteilung des ad- und des abaxialen Abschnittes bei den 
einzelnen Arten bald eine grossere, bald eine geringere ist und dass ietzten Endes 
sogar der ad- und abaxiale Abschnitt fertil sein konnen. 

Das Wesentliche fiir das Verstandnis der Spke^tophyllum-Blnten besteht einerseits 
in der Tatsache der offensichtlich prim^ren serialen Durchteilung der Sporophyil- 
Anlage und andererseits darin, dass sowohi zufolge der starken Reduktion der Fer- 
tilitkt der einzelnen Sporangiophore als der damit allenfalls verkniipften Kiirzung 
der Sporophyllstiele Bildungen zustande kommen konnen, die eine frappante 
Aehnlichkeit mit den Sporophyllen der besitzen. 

IV. Equisefitieae. Kerngruppe der Articulaten (vom Devon- Ende bis zur Jetzt- 
zeit), mit einer grosseren Anzahl baumfdrmiger Vertreter im Palaozoikum. Struk- 
turell gekennzeichnett durch den Besitz eines mehr oder minder wei ten, zentralen 
Hohlzylinders im Stamm, den nur ein diirftiger Mantel von Markparenchym ein- 
hiillt, und an dessen Rand eine grossere Anzahl kollateral gebauter Primkrbunclel 
ziehen. Je nach der Art der Stellung der Blatter d,h. ob diese in superponierteii 
Oder alternierenden Quirlen gestellt sind, ziehen die Leitbiindel im Stamm gerade 
hoch oder sind untereinander maschenartig verbunden. Palaozoische Formen oft 
mit betrachtlicher Holzbildung; indes ist zu betonen, dass neben solchen Formen 
zweifellos eine ganze Anzahl mit nur beschrankter Sekundarxylem-, aber mit wohl 
betrachtlicher Rindenparenchym-Entwicklung existierten, 

I. A s t e f 0 c a I a m i t a c e a e. Formen mit mehr minder reich gabelteili- 
gen, in superponierten Quirlen stehenden Blattern, Bluten denen von Equiseium Min- 
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lich niit ungeteiiten schildformigen Sporophyiien, gelegentlicli mit Unterbreciiung 
der Sporophyllserien durch einen Quirl steriler Better. Xylem {h^i A star ocalci^ 
mites) mit endarchen Pnmarbtindeln ; Primarxylem noch undeutlicli in Faszikular- 
und Interfaszikular- Xylem gesondert, daher noch wie siphonosteiisch wirkend. 

2. Calaniitaceae. Vorlaufer-Gattung: Mesocalamites Hirmer. Noch mit 
Unregelniassigkeiten in der Alternanz der Blattquirle. (Ueberleitung von Xsife?'- 
ocalamitaceae zvL Calamitaceae.) 

Catamites Suckow mit meist grosster Regelmassigkeit in der Organstellung : 
Blatter in alternierenden Quirlen. 

Verschiedene Weisen des Gesamtaufbaues und deir Verzweigung der Stamme, 
verschiedene Typen von Laubblatt-tragenden Sprossen und eine Anzahl verschie- 
dener Blutentypen lassen die artenreiche Gattung mannigfaltig in ihrer ausseren 
Erscheinung sein. Bedaiierlicherweise sind in vielen Fallen die einzelnen (noch 
unter eigenen „Gattungs”-namen gehenden) Organkategorien nicht in Bezug auf 
ihre Zusammengehorigkeit nntereinander geklart, was mit der Fragilitht der 
Pflanzen zusammenhangt. Immerhin ist das Bild im ganzen klar. 

Der prinzipielle Gesamtaufbau ist dem von Equisetum vergleichbar, sowohl in d er 
Gliederung der Sthmme in Knoten (daran Blatter, Aeste und Wurzeln) und in 
Internodien als in der Wachstumsweise: wie bei Equisetum haben sich von im 
Boden weit verzweigten kriechenden vieljS-hrigen Rhizomen die oberirdischen 
Sprosse erhoben. 

Hinsichtlich der Beblatterung ist zu unterscheiden zwischen den schmalen unter 
einander nicht verwachsenen Blattern, die an den Knoten der eigeiitlichen Stamme 
stehen und den wesentlich grdsseren und breiteren Blattern, die an eigenen, vor- 
wiegend der Assimilation dienenden Spross-Systemen getragen sind. 

Je nach der Art der Stellung und Fassung dieser Blotter unterscheidet man 
eine Anzahl von Formen, die, da man ihre Zugehdrigkeit zunachst noch nicht 
kannte, oder auch heute teilweise noch nicht kennt, mit eigenen Hilfsgattungs- 
Namen belegt sind : Astevophylliies'BGT. ein bis mehrfach verzweigte Sprosssysteme 
wobei die verhaltnismassig langen und schmalen Blatter der einzelnen Quirle so 
nach oben gebogen sind, dass sie in ihrer Gesamtheit wie ein Becher um den sie 
tragenden Spross herum stehen. Annularia Stbg. mehrfach verzweigte Spross- 
systeme, wobei die Blatter jeden Quirls in einer einzigen Ebene ausgebreitet sind. 
Es ist husserst wahrscheinlich, dass letzten Endes die Blattchen aller Blattquirle 
in eben derselben Ebene ausgebreitet "waren, in welcher die Gesamtverzweigung 
der mehrfach, stets aber nur in einer einzigen Ebene zwei-zeilig verzw'eigten Be- 
blatterungssysteme eriolgt ist. Lob atannularia Kawasaki. Bei diesen hhnlich wie 
bei Annularia gebauten Verz-weigungssystemeh ist aus der ganz in einer Ebene 
erfolgenden Verzweigung und Blattorientierung die letzte Konsequenz gezogen, 
insoferne als die dem Licht abgekehrten Blhttchen jeden Quirls wesentlich kurzer 
als die ihm zugekehrten sind, sodass ein ausgesprochenes Blattmosaik entsteht. 

B 1 ii t e n vielgestaltig : neben einer Anzahl nur mangelhaft bekannter Formen 
{Macrostachya Scmm'PBR und HuUonia Stbg.) sind andere strukturell sehr wohl 
aufgeklart. Fur alle gilt, dass ein steter Wechsel zwischen Sporangien-tragenden, 
in der Regel schildformigen Elementen {Sporangiophoren) und steriien Hiill- 
blattchen (Brakteen) vorhanden ist. Dass dieser stete Wechsel wie bei Cheirostro- 
bus und den Spenophyilen als zufolge serialer Spaltung der Sporophyil-Einheit 
zustande gekommen auszudeuten sei, liegt nahe anzunehmen. 

Bei Calamosiachys Schimper stehen fertile und sterile Elemente in gieichmassigen 
Vertikalabstanden iibereinander, die Giieder der fertilen Quirle samtliche super- 
poniert, die der steriien sind in grbsserer Zahl vorhanden und alternieren unterein- 
ander; bei Palaeostachya Weiss stehen die fertilen Elemente jeweils in der Achsel 
der nachst unteren steriien. Bei Metacalamosiachys Hirmer iiegen die Dinge um- 
gekehrt, sodass — unter Koppelung steriler und fertiler Elemente — die fertilen 
unter den steriien, also abaxiai Iiegen. Das gleiche gilt fur die haufigere Art 
(C. typica) der Gattung Cingularia Weiss ^), einer Form, die sich von den iibrigen 


bei C. cantrilli Kidston sind ad- u n d abaxialer Abschnitt fertil. 
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eben aiifgefuhrtea Bliiten dadurcli tinterscheidet, dass die fertileii Abschnitte nicht 
schiidformig, sondern flachig ausgebildet sind and an ihrem aiisseren Unterrand 
4 zu je zweien hintereinander liegende Sporangien tragen. Dass diese letzteren For- 
men eine Aiisdeiitung der Gesamtblutenstruktar im Sinne der Sphenophylium- 
Bliiten sehr nahe legen, liegt aaf der Hand. 

Tragiing der Bliiten verscliieden; entweder grosse, melirfach verzweigte Bliiten- 
stande mit kleinen Einzelbliiten oder vergleichsweise grosse Bliiten einzein oder zu 
wenigen am aiten Holz der Stamme entspringend. 

Betont sei, dass weder die Art der Beblatterung noeli die der Bliiten fiir bestiinin- 
te der imten zu scliildernden drei Grundformen der Stamme spezifisch sind, dass 
vielmelir die einzeliien Stammgrundformen zum Teil diesen, zum. Teil jenen Typ 
von Beblatterung und Bliiten getragen haben. 

Mannigfaltig wie Beblatterung und Bliiten bei den Calamiten ist die Art der Aus- 
bildung ihrer Stamme. 

Die s t r u k t u r b i e t e n d erhaltenen Stammreste werden aiif Grund ihrer 
feineren Anatomie in 3 Hilfsgattimgen gxu-p-piext: A rthropitys Goeppert, Arthrodev- 
dron Will. u. Scott, Calamodendron Bgt. Der Leitbiindelverlauf ist ziifoige der 
Tatsache, dass die Bilndel der aufeinander folgenden Internodien aiternieren und 
die Biindel an den Knotenlinie miteinander in Verbindung treten, mascliig. Es hat 
sich aber zeigen lassen, dass der Biindelverlauf der Calamiten eigentlich ein eusteii- 
scher ist und die Maschenbriicke am Knoten nur eine sekundare und in der Regel 
schwachere Bildung ist. 

Die Holzbildung am Stamm ist bald eine sehr betraditliciie gewesen, C.gigas u.a., 
zum Teil miisseii die Stamme Zeit ihres Lebens von mehr parencliyniatischer Be- 
schaffenheit gewesen sein, mit w^eiter Markhohle und nur geringer Holzbildung, wie 
z.B. C. undulatus und im'EiK.txexxi Afthropitys J ongmansi. Uebrigens heri'scht bei 
denjenigen Formen, bei -welchen eine starkere Sekundarxylein-EntwicMung statt 
hat, insoferne eine Verschiedenheit als manche (H. eine Sekundarxylem- 

Bildung aus nahezu n ii r Tracheiden aufweisen, andere [A . Felixi) Sekundarxylem 
unter Beimischung sehr reichlichen Parenchyms zeigen, wieder andere (z.B. 
A. communis) diesbezliglich die Mittd halten. 

Es muss noch darauf hingewiesen werden, dass die physiologische An at o- 
m i e der Calamitenstamme uns noch Ratsel aufgiht. Wir haben gute Grunde an- 
zunehmen, dass die weiten Atemhohlen im Sprosszentrum der Durchliiftung des 
Stammes gedient haben; test steht Jedenfalls, dass bei einsetzendem sekundaren 
Dickenwachstum ihr Durchmesser konkordant zufolge eines sehr betraclitlichen 
Dilatationsvermogens der primaren Markstrahlenimmer mehr und mehr vergrdssert 
worden ist. 

Wir wissen aiif Grund strukturbietender Reste auch, dass die primare Rinde zum 
mindesten gewisser Calamiten eine Menge weiter, lakunoser Raume enthalten hat, 
und wir wissen auch, dass mittels der an den Knotenlinien befindlichen Infra- und 
Supranodalkanale eine Art Querverbihdung zwischen der Markhohle einerseits und 
diesen lakunosen Raumen der Aussenrinde durch das ganze Sekundarxylem und 
das anschliessende Phloem hindurchstattgefunden hat; aber wir haben keine An- 
lialtspimkte dafiir, dass die aussergewdhhlich glatte Stammrinde der Calamiten 
ihrerseits irgendwelche Stellen besessen habe, die den Lentizellen unserer Baiime 
entsprachen und mit Hilfe deren der zentrale Hohlraum der Markhohle in einer 
direkten Verbindung mit der die Pflanzen umgebenden Aussenluft gestanden ware. 

Es versteht sich von selbst, dass die Calamiten an ihren Basalpartien ganz 
ahnlich verzweigt gewesen sind wie wir das fiir die heute lebenden Scliachtelhalme 
keniien (vgl. S. 520), dass also auch aus der Basis der Stamme immer wieder von 
neuem Stammaiilagen sich entwickeln konnten, falls der eine oder der andere der 
schon gebildeten Stamme durch irgend einen Umstand zum Absterben und zum 
Zusammenbrechen kam und wir milssen auch auf Grund einer ganzen Anzahl von 
Funden annehmen, dass immer eine Anzahl einem einzigen Individuum angehoren- 
de Stamme sich nebeneinander erhoben haben und dies sicher sogar auch bei For- 
men mit reicher Astbildung statt gehabt hat. 

Dass derartiges — mutatis mutandis — auch heute moglich ist, wissen wir von 
dem fiir manche Coniferen {Sequoia sempervirens, Thuja giganiea u.a.) Bekannten 
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W u r z e 1 n an den Knoten der unterirdischen Sprossteile entweder ringsuni 
gleichmassig um die Knotenperipherie verteilt, und zwar einzeln oder zu grossen 
Biischein zusammenstehend. 

Nach ihrer ausseren Erscheinnngsform lassen sich die Calamiten- 
Stamme folgendermassen gruppieren : 

A. Gruppe Eucalamites Weiss. Hieher werden gezogen diejenigen Sprossreste, 
bei welchen an alien oder doch fast alien Knoten der Stamme Blatt-tragende Aeste 
getragen wurden. Je nach der Gliederzahl der Astquirle unterscheitet man die For- 
men der: 

a) Carinatus-Gfuppe: Aeste an jedem Knoten nur zu zweien oder in Einzahl. 

b) Cmciatus-Gruppe: Aeste zu mehr als zwei in alternierenden Quirlen an alien 
Knote'n oder so, dass wie bei manchen Arten (z. B. C. Brongniarti) einer grosseren 
Periode Ast-tragender Knoten einer ohne Astabgange folgt; vegetative Aeste und 
Bluten untereinander am selben Knoten abwechselnd. 

Es ist hicht ausgeschlosseh, dass die hieher gezogenen Sprossreste z.T. nur die ± 
oberen Teile von Calamiten darstellen, deren Stamme zunachst nicht Blatt- und 
Bliitenaste trugen, somit zunachts im wesentlichen unverzweigt (also vom Typ 
Stylocalamites) waren; andererseits finden sich innerhalb der Gruppe Eucalamites 
in der derzeitigen Fassung auch zweifellos Formen, die eucalamitoide Verzweigung 
schon von der Basis an besassen, wie z.B. der in alien Teilen bestbekannte C. can- 
natus. ' 

B. Gruppe Calamitina Weiss. Stamme dadurch ausgezeichnet, da.ss Asttragung 
nur an in bestimmten Intervallen aufeinander folgenden Knoten stattfindet, sodass 
zwischen den die Aeste (in grosserer Anzahl quirlig) tragenden Knoten immer eine' 
ganze Anzahl von Knoten sich befindet, an denen keinerlei Astabgange statthaben 
(umgekehrte Periodizitat wie bei Eucalamites Brongniarti). Die Gestaltung und vor 
allem die relative Lange der zwischen den Ast- Knoten befindlichen Internodien 
ist dabei eine nach den Arten verschiedenen. Bezuglich dieser Gruppe im ganzen ist 
zu bemerken, dass es nicht sicher feststeht, ob nicht etwa die hier zugerechneten 
Stammpartien nur die oberen Teile grosser in ihren unteren Teilen unverzweigter 
Calamiten- Stammteile vom Typ Stylocalamites (vgl. unten) gewesen sind, oder ob 
die alle nicht sehr kraftigen Stamme von unten herdenfiir Calamitin a %eschil<^eTten 
charakteristischen Verzweigungsmodus besessen haben. 

C. Gruppe Stylocalamites Weiss. In diese Gruppe rechnet man alle diejenigen 

Formen von Calamites, an deren Stammresten eine Verzweigung in der Regel nicht 
zu beobachten ist; unter ihnen kennt man kleinere Formen, wie den sehr genau stu- 
dierten C. Schuhi, dessen Stamme bei nur -wenig Meter Flohe und kaum einem Dezi- 
meter Durchmesser, in ihrem oberen Teil an den Knoten mit verhaltnismassig lan- 
gen Blattern besetzt waren und die grossen Bluten in Menge getragen haben. An- 
dererseits kennt man aber auch ziemlich grosse Formen, wie den sehr haufigen 
C. Suckowi, sowie den moglicherweise die Oberpartie von C. Suckowi darstellenden 
C. Cisti und letzten Endes muss als eine besonders grosse Form G. gigas genannt 
werden, deren Stamm, bei starker Holzbildung, bis xiber 1 m Durchmesser erreicht 
hat. Ob diese letzteren grossen Formen, gleichgiiltig ob sie nun starke Holzbildung 
wie C. gigas hatten oder mehr krautiger Konsistenz wie C. Suckowi und G. Cisti ge- 
wesen sind, in ihrei ganzen zweifellos sehr betrachtlichen Lange vollig unverzweigt 
gewesen sind, ahnlich wie das fiir den kleineren, oben erwahnten C. Schuhi iest- 
steht, ist zweifelhaft. Astabgange sind jedenfalis an den zum Teil sehr zahlreichen 
Resten die.ser Stamme kaum bekannt. Andererseits ist schwer vorzustellen, wie 
diese Stamme ohne all6 Blatt-,tragenden Zweige die notige Menge von Assimilaten 
zusammen gebracht haben konnten; vor allem whre es da nicht verstandlich, wo, 
wie bei G. zufolge starker Sekundarxylem-Bildung Durchmesser von, wie 

bemerkt, iiber 1 Meter erreicht, also grosse Massen organischen Materials gebildet 
worden sind und andernteils doch sogar angenommen werden muss, dass der das 
Assimilationsparenchym enthaltende p r i m a r e Rind enm ante! zufolge der star- 
ken Ausdehnung der Sekundarxylems mehr minder bald gesprengt und abgeworfen 
worden sein durfte. Die dem Stamm selbst ansitzenden, offenbar bei alien Arten 

her, wo trotz grosser Kronenentwicklung eine ganze Anzahl finem einzigen Indivi- 
duum angehorende Stamme dicht gedr§,ngt dem Boden entspriessen. 
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sell! sclimaleii Stamm blatter diirften in gar keinem Falle fiir die Assimilationsarbeit 
viel bedeiitet haben., 

Es ist sclioii betont worden, dass mit dem Epde des Palaozoikums iind deni 
Umscliwiing der Klimaverlialtnisse, mit andereii Worten : mit dem Heraufkommen 
einer aiissergewohnlich trockenen, letzten Endes iiber weiten Gebieten unserer Erde 
zur Wtistenbildung fiihrenden Epoche, das Ende der grossen baumformigeii Arti- 
culaten-Gestalten gegeben war; wenn ancli kieinere Calamiten-Formen noch bis in 
den Zechstein herein gereicht zu haben scheinen, so bedeutet eben doch das Ende 
dieser Zeit anch endgiiltig das Ende der Calamiten als solchen. Fiir die Trias ge- 
blieben sind nur die: 

3, E q y i s e t a c e a e. Equisetites. Die bereits im Karbon an Hand kleiner 
krautiger Formen nachgewiesene Gattnng gleicht im Prinzip der jetzt lebenden 
Gattimg Equisehmi] nur dass sie in z.T. wesentlich betrachtlicheren Dimen- 
sionen aus deni Buntsandstein {E. MougeoH Bgt.), imd aus deni unteren und mitt- 
leren Keuper bis zum Lias bekannt ist. Von den diesbeziiglichen Formen hat das 
sehr h'^iiiige E. arenacetis Jager einen Stamm von noch bis 25 cm Durchmesser 
erreicht bei bis zu 130 Slattern im Knoten und niehr oder minder reichlicher Ver- 
zweigung. Seine rein Equisetuni- 2 LTtigen Blilten diirften in Gruppen zu mehreren 
an kleinen ihrerseits massenhaft aus der Stammspitze hervorbrechenden Aesten 
getragen worden sein. 

Im alterenMesozoikum finden sich noch die schon im Perm beginnenden Gattun- 
gen Phylloiheca Bgt., N eocalamites Halle, und Schizoneiiva Schimper; Phyllotheca 
ist dadurch interessant, dass die Sporophylle in einer Anzahl von Quirlen, aber 
immer wieder in Abwechslung mit einem Quirl steriler Blatter am Sprosse stehen. 

Equisetum L. Einzige lebende Gattung mit ca. 32 Arten. Artikiilation im Spross- 
Aufbau besonders betont, insoferne als zufolge der scheidigen Verwachsung der 
Blotter die unmittelbar iiber den Knoten anschliessenden Internodienpartien in 
ihrer Ausbildung etwas anders gefasst sind als die restlichen iiber die Blattscheiden 
i; hervorragenden Teile der Internodien: an dem umscheideten Teil ist die Epidermis 

weniger stark mechanisch versteift, der Spross daher jeweils unmittelbar iiber dem 
Knoten besonders briichig. 

S p r o s s-A u f b a u mittels tetraedrischer Scheitelzelle, primare Gestaltimg 
somit eine zunachst schraubenformige, trotzdem die gesamte Organabgliederung 
1 prSzis wirtelig istD) 

I ■ B 1 a 1 1. Differenzierung derart, dass bei den vegetativen Blattern nur die je- 

, weils obereii Teile der Gesamt-Blattanlage zur Blattbildung verwendet werden, 

( wahreiid der untere Teil zur Berindung des Spross-Internodiums dient. Sporophylle 

) dagegen aus der Gesamt-Blattanlage hervorgeliend.r^). 

Es ware aber irrtiimlich zu schliessen, dass demzufolge das Moment der quir- 
ligen Organbildung, wie sie fiir alle echten Articulaten charakteristisch ist, 
eine abgeleitete Erscheinung sei; ist es doch vielmehr sehr viel wahrscheinlicher, 
^ dass es eine abgeleitete Erscheinung ist, wenn der Sprossscheitel des heutigen 

\ Eqiiiset'um mittels einer Scheitelzelle und nicht mit einem vielzelligen Meristems ar- 

beitet; ist letzteres doch zweifellos der ursprunglichere Tj^p von Scheitel-Fassung 
und ist es auch schwer anzunehmen, dass die sehr breiten Scheitel, wie sie noch zum 
Teil die Sprosse der mesozoischen EquiseEUS' Arten und vor allem vieler paiaozoi- 
scher CaJamites besessen haben, mittels einer Scheitelzelle an Stelle der alle primi- 
tiveren Pteridophyten charakterisierenden . vielzelligen Scheitelmeristems ge- 
wachsen seien. 

-) Bedenkt man, dass fiir einen gut Teil der Articulaten seriale Spaltung der 
Sporophylle als so gut wie sicher angenommen werden darf, und bedenkt man 
weiterhin, dass die entwicklungsgeschichtlichen Bilder des EquiseUtm-Spotophylls 
derartige sind, dass in ihnen eine ahnliche Spaltung in einen distalen und einen 
proximalen Teil statt haben koiinte, wie er sich aus der Anlage der sterilen Blatter 
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schobenen Sporangien entsprmgend. 

Dinge nachklingen, die i ^ V^rwandten sicb weiter gehend aus- 

insbesondere von y “offensicl^^^ erkennbaren s e r i a 1 e n 

gewirkt haben und^m R eigenartige Sporophyll- und 

Organspaltuno vpdinet haben (vgl. hiezu das S. 513 Gesagte). 

Blutenfassung jener Forman bedmgt “ Equisetum zwar - ihrer 

, -selnocbbervorg^obem^a^^^^^^^^^^^^ ,,,, ,, 3 r diesa 

“porreAtr'urt Mnweg ibre Gestaltnng eine offensicbtlicb radi.re, eben 

allseits rein scliildformige, ist. ^ neueste Zeit zweifellos falsch ge- 

dentet worden, indem wie . _ ^ belcher der 

gelegtwird— siesich auszwei ei ^ ^ Auswuchs von deren Unterseite 

Blatter entspracbe if ^acbdruck zu betonen. 

darstelle, zusammensetzen _ palaontologischen Befunde an scMld- 

dass derartige Deutnngen anf Grund der ^ikro- rvie makro- 

fdrmigenBildnnganbei Forman derverscbiade ^ 

pbyller -Verwandtschaftkrerse volbg ab W 

die letzten Ausgliedernngen XrZ utdm"^ soloheLchildformigen Bil- 
letzten Endes ^ dies- 

f “*!lfh^rSrosporophylle Crossotheca. Aulacotkeoa. WUttUseya n.a., fur 
schildformige Bildungen sich /„,„ligderter in ihrer 

Grnndform jedoch noch v^^ pf pTyTea an Hand f n Yurra.ia nachge- 

Sporangient>pen, -wie endstan- 

sich handelt urn die letzten und endstandigen Ausgliedtrungcn grosser 

M^edelbildungen wie sie bei den Pteridosfermae vorhegen, oder ob es 
recant sich weiter nicht verzweigten Ausgliederungen m. 

r u -Lr Pflanzen-Typen wie Equisetum u. Verwandten; und es muss nochbe- 
tont w^erden dass es bei der Beurteilung dieser letzteren Formen auch belanglos ist, 
Ob es s cf wie bei Equisetum u. anderen urn ein echtes ganzes Sporopl^Y 1.,°^ 
Si den SporangiophLn von SpnenopHyUum und ^ 

von Calamostachys und Palaeostachya urn dxe senalen und l 

X BildungL urn jeden Preis von einem ^ 

delt es sich doch vielmehr bei ihnen urn eine zwar in der Mehrzahl der Fallc seite 
stAndig ausgegliederte Organbildung. die zwar theoretisch 

fehtun solcher Phanomene noch viel zu sehr hbersehen 

wirklichen Verstandnis nicht genug hervorgehoben werden kann, ist die Tatsac , 
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S p o r a n g i e n typisch eiisporangiat, d.li. mit bis zur Reife melirscliiclitiger 
Wand. Prazises Stomium nicht vorlianden; lediglicli durcli besondere Zellanord- 
nung nalie der spateren Aufrissteile angedeutet, S p o r e n mit Perispor, dieses in 
2 sich kreuzende Bandclien anfgeteilt, deren Halften bei Austrocknuiig sicli aus- 
strecken nnd das Aneinanderliaken der Sporen ermoglichend das Scliwebever- 
mogen in der Luft vergrossern. Geschlechtsverteiln n g: Primar halb 
mannlicli, halb weiblich; dies aber nnr zu folge p li a n o- nicht genotypischer 
Geschlechtsbestimmnng; denn es ist letzten Endes so, dass die zu weiblichen 
Prothallien pradestinierten Sporen bei mangelhafter Ernaliriing (zu geringer 
Beliclitnng und Dichtsaat) zu mannlichen herabgedruckt werden koniien, und dass 
anderseits altere weibliche Prothallien, soferne keine Befriichtiing der an ilinen 
gebildeten Arcliegonien stattgefunden hat, zur Bildung von Antheridien liber- 
gehen, also auch auf den mannlichen Zustand herab gedriickt werden konnen. 

Prothallien (Abb. 10) als flachenhafte Bildung beginnend, spaterin mehr- 
zellschichtigen Zustand iibergehend, ausgesprochendorsi ventral. An der Basis mehr 
walzenformig, gegen das Oberende zu von annahrend facherfdrmiger Gestalt ; an 
der dem Licht abgekehrten Unterseite werden Rhizoiden, andere clem licht zuge- 
wandten Assimilationslappen gebildet. Am Oberende des mehrzellschichtigeii Prot- 
halliumkorpers ein Randmeristem, das nacli der Unterseite weiterliin Rhizoiden, 
nach der Oberseite hin abwechseind Assimilationslappen und Arcliegonien bildet. 
In Fallen, wo weibliche Prothallien letzten Endes vermannlicht werden, kann der 
ganze Meristem-Rand in die Bildung von Antheridien iibergehen. Spermatozoiden 
polyziliat. 

Der Embryo von Eguisetum kann als ein besonders klares Beispiel fur den 
Typus des Pteridophyten-Embryos angefiihrt werden, namlich eines Embryos, an 
welchem nicht, wie das bei den primar stets allorrhizen Samenpflanzen der Fall ist, 
ein Sprosspol und ein diesem diametral entgegengesetzter Wurzelpoi ausgebildet 
sind, sondern eines Embryos, ah welchem die erste Wurzel ebenso wie alle iibrigen 
eine seitenstandige Entstehung hat. Im iibrigen zeigt der Embryo eine Gliederung 
in eine zum Sprosspol werdende, dem Archegonienhals zugekehrte (exoskope) 



dass Symmetrien im Pflanzenkorper sich uberschneiden und iiberdeckeii konnen; 
nicht zuletzt kann als ein Beweis dafiir nochmals auf die oben schon erwahnte Tat- 
sache zuriickgegriffen werden, dass zwar die primare Organbildung bei Equisetum 
zufolge der Tatigkeit der Sprosscheittelzelle eine schraubige ist, dass abertrotzdem 
der Gesamtauf bail des Sprosses letzten Endes ein rein quirliger ist; dass also, — um 
das Allgemeine hervorzuheben — die zunachst schraubige Symmetrie und damit 
sukzedane Organentstehung iiberdeckt wird von quirliger und simultaner Organ- 
differenzierung und Ausgliederung ; und Entsprechendes gilt lilr die gesamten 
Schildbiidungen : ihrer Anlage nach konnen sie dorsiventral sein, aber ihre allen- 
fallsige Dorsiventralitat wird friihest aufgehoben und iiberdeckt durch rein radiare 
Organgestaltung. 

Erne fruhzeitige wahrend der Sporenentwicklung einsetzende phaenotypische 
Geschlechtsbestimmung hat offenbar auch bei verschiedenen karbonischen hete- 
To^^omn Calaniostachys-Krien stattgefunden: Entweder (C. Casheana) bildet von 4 
Sporangien eines Sporophylls eines nur Megasporen oder (C. Binneyana) im selben 
Sporangium finden sich Tetraden mit 4 Megasporen, oder 3 Mega- und 1 Mikro- 
spore, oder 2 Mega- und 2 Mikrosporen, oder 1 Mega- und 3 Mikrosporen. Derartiges 
spricht eindeutig fiir phaenotypische Geschlechtsbestimmung, da genotypische nur 
wahrend der Reduktionsteilung stattfinden kann und somit im Fall von C. Casheana 
nicht den Sporeninlialt eines g a n z e n Sporangiums erfassen koiinte, andererseits 
im Fall von C. Binneyana bei genotypischer Geschlechtsbestimmung Mega- und 
Mikrosporen innerhalb einer Tetrade immer im Verhhltnis 2 : 2 nicht aber 3 : 1 
Oder 1 : 3 vorhanden sein miissten. 
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Halfte und eine dem Archegoniumhals abgekehrte (endoskope) Halfte, welcli- 
letztere zunaclist als haastorialer Embryo-Fuss ausgebildet ist, an der seitenstandig 
die Anlage der ersten Wurzel erfolgt und die schliesslich resorbiert wird. (Abb. 11). 

Die E q ui $ et u m-T flanzen im ganzen sind reichlich verzweigte Ge- 
wachse. Es sind perennierende Pflanzen, die sich immer von neiiem aus dem im 
Boden kriechenden Rhizom verzweigen. Der aus dem Embryo zunachst entstelien- 
de erste Spross bildet insgesamt nur wenige Internodien und an seinen Knoten be- 
finden sich in der Regel nur aus 3 Blattern gebildete Scheiden. Verhaltnismassig 
friih, im ubrigen aber in ganz analoger Weise wie bei der Verzweigung der Sprosse 
liberhaupt; gliedert sich an seinem untersten Knoten ein Seitensprosse ab, der be- 
reits wesentlich kraftiger gebaut ist und vielgliedrige Blattscheiden besitzt; an 
ihm finden weitere VerzAveigungen statt; bereits einer der Sprosse dritten Verzwei- 
gungsgrades kann schliesslich indem er statt zenithaufwarts zu wachsen, mehr 
minder horizontal oder sogar steil abwarts wachst und in den Boden eindringt, die 
Anlage des ersten unterirdischen Rhizomsprosses darstellen, der reichlich Wurzeln 
erzeugt und von dem aus nun zunachst die weitere Abglieclerung der im Laufe der 
kommenden Jahre entstehenden zenithwarts gehenden Sprosse statt hat. Audi aus 
den Basalpartien dieser letzteren kcnnen weitere Ausgliederungen zenithwarts ge- 
richteter Lichtsprosse statthaben. 

Die Verzweigung der Sprosse — gleichgtiltig ob an ober- oder unterirdischen 
Systemen — erfolgt lediglich an den Knoten, jedoch nicht in der Achsel der schei- 
dig verwachsenen Blatter sondern in Alternanz damit. 

Bei manchen Arten entstehen an den unterirdischen Sprossen ein bis wenig glie- 
drige Sprosse, deren Internodien zu eiformigen Bildungen anschwellen konnen und 
als Reservestoffbehalter dienen, eine Erscheinung die bereits von manchen meso- 
zoischen Equisetites- Arten her bekannt ist, nur dass entsprechend der zum Teil 
sehr betrachtlichen Grosse dieser Formen ihre Knollen die Dimensionen unserer 
Kartoffelknollen erreichen konnten. 

Die f e i n e r e S y s t e m a t i k der Gattung beruh t auf der Gestaltung der 
Spaltoffnungs-Nebenzellen, sowie der Anordnungsweise der Spaltdffnungen, ferner 
auf der Gesamtausbildung der fertilen Sprosse, auf der Form der Bliite und endlich 
auf der Endodermis-Ausbildung und Verteilung im Spross. 

Es wird unterschieden : 

S e k t i 0 n I : E u - E q u i s e t u m Sad. Spaltoffnungs-Nebenzellen in gleicher 
Hdhe wie die ubrigen Epidermiszellen ; Bliite meist stumpf. 

Subsektion 1 : Heterophyadica A. Br. fertile und sterile Sprosse verschieden, die 
fertilen ohne Chlorophyll und ohne Spaltoffnungen. 

G r u p p e A m e t a b o 1 a (V e r n a 1 i a) fertile Stengel nach dem Abbliihen 
absterbend. 

G r u p p e M e t a b o 1 a (S u b v e r n a 1 i a) fertile Sprosse nach dem Abbiii- 
lien ergriinend und wie die sterilen verzweigt. 

Stibsektion 2 : Homophyadica A. Br. (Aestivalia) fertile Sprosse von Anfang an 
mit Chlorophyll und den sterilen Sprossen ahnlich; Blliten schwarz. 

G r u p p e des E. p a I u s tre Sprosse mit einheitlicher Aussen-Endodermis. 

G r u p p e d e s E. H e l e o c h a v i s jedes Spross-Leitbiindelmit eigener En- 
dodermis. 

Sekfion II: Hippocha e t e Milde Spaltoffnungs-Nebenzellen n n t e r- 
halb des Niveaus der ubrigen Epidermis, daher Spalten mit Vorhof ; allermeist 
aussere und innere Gesamt-Endodermis; Bliiten spitz; samtliche von h o m o- 
phyadischem Spross-Typ. 

Gruppe Pleiosticha Milde Spaltoffnungen in je 2 oder mehreren 
Langsreilien, grosste Arten bis 5 m u. mehrere cm im Durchmesser. 

Gruppe Ambigua Milde Spaltoffnungen an der gleichen Pflanze bald 
ein- bald mehrreihig. 

Gruppe Monosticha Milde Spaltoffnungen nur ein-reihig. . 
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Zur Literatur. In betref f der alteren Werke zu Eqinsetum sei verwiesen 
anf 'R S^dfbeck’s Darstellung in ENGLER-PRA^’TL’s NaturL I flanzenfa milieu. 
Eine neueste kurzgefasste Bearbeitung der lebenden u. fossilen 

4 Aufl. von R. Wettstein, Handbuch d. Systemat. Bot. (bearbeiteb ^ . • 

Wettstein u. M. Hirmer) zu linden. Fur die Kenntnis der loss i . e n . , - 

^TatTtes sei in erster Linie verwiesen auf die Arbeiten von ^Villiamson, 
Williamson u. Scott, Hirmer sowie Knoell (A n a t o m i 

Hirmer’s Handbuch d. Palaobotanik. 
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FILICINAE 

■'by 

Carl Christensen (Copenhagen) 

History. — In the basic work of modern taxonomy, the Speci- 
es P 1 a n t a r u m 1 753 of Linn^us, the Pteridophyta formed the first 
order, Filices, of the 24th class Cryptogamia, Lmi:^MVS described 12 genera 
of ferns with 192 species besides 4 genera of ''fern-allies” {Equisetum, Mar- 
silia, Pilularia, Isoetes)y -while Lycopodium weis plsiced in the second order: 
Musci. LiNNiEUS based his genera exclusively upon the characters of the 
sori (superficial or marginal, round, linear or confluent, etc.) thus using 
the same characters of genera which almost all pteridologists regarded 
as the most important ones for a century and a half. The sporangia 
and spores were the only Organs of reproduction known for a century and 
were believed to play the same role as the flowers of the Phanerogams and 
their characters were naturally considered as being of principal taxonomic 
value. During the latter half of the 18th century several botanists (e.g. 
Adanson and J. E. Smith) found that the sori of some ferns were covered 
with a protecting membrane, the indusium, which was absent in others, 
and this difference, not used by Linnaeus, was found important enough, 
not only to split up the Linnsean genera but also to arrange all genera in 
two series, In'dusiatae and Exindusiatae, which treatment was followed by 
almost all the pteridologists of the 1 9th century. J. E. Smith, who described 
a number of genera (1793), divided the known genera into two series, An- 
nulatae and Exannulatae (sporangia with or without a ring), but the first 
botanist who made a serious attempt to arrange all known ferns in a 
convenient sequence was the Swede Olof Swartz in his Synopsis 
F ilicum (1806). He divided the ferns into three orders: Gyratae{^An- 
nulatae Smith) with ■ two suborders : Nudae and Indusiatae, Spurie 
Gyratae (our Schizaeaceae, Osmundaceae, Gleicheniaceae and Angiopteris) , 
and Agyratae {Marattiaceae, OpMoglossaceae) . He described 38 genera of 
ferns with 71 0 species besides numerous dubiae. In 1 81 0 a new enumeration 
of the known species was published by C. F. Willdenow in the fifth 
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volume of his edition of Linnaeus' Species Plant arum, hut his classification 
was rather retrogressive. During the following three decades the genera 
were grouped together by R. Brown, G, F. Kaulfuss, C. L. Blume, G, 
Kunze and others, into families which are still maintained under their 
original names. 

All the genera described before 1836 were based on soral characters onh’, 
but in that year C. B. Presl published his revolutionary work Tent a- 
m e n P t e r i d o g r a p h i a e. In this and some later works he created a 
large number of new’ genera based on the v e n a t i o n and partly on the 
number of vascular bundles in the leaf-stalk. His ideas w’-ere, however, only 
: accepted by few pteridologists such as the English gardener John Smith, 

j and A. L. A. F6 e (Genera F i i i c u ra 1852), while most waiters 

retained the old Swartzian classification, William Hooker, for example, 
r in his large and important work Species Filicum (5 vols. 1 844-64) 

with descriptions of all known species of Polypodiaceae. Though Hooker 
, in Genera Filicum (1839-42) adopted more of Presl's and J. 

! Smith's new genera, he reduced them to subgenera, totally neglecting 

I others, thus reverting to the large Swartzian genera. In his compendious 

i w^ork, Synopsis Filicum (1865-68, new edition 1 874), for the 

‘ greater part worked out after Hooker’s death by J. G. Baker and con- 

taining descriptions of 2235 species, the conception of genera is the same, 

’ and as this conservative work was the only handbook of ferns during three 

j decades we find the peculiarity that practically all of the hundreds of 

' new species described in these years were referred to the same few^ genera 

adopted by Swartz a century ago. It must be admitted that the progress 
I . of fern-taxonomy since the days of Presl was slow and new ideas w^ere few 
I and rarely accepted. Fee for example claimed to have found an available 

' generic character in the number of cells of the annulus, and J. Smith 

(Historia Filicum 1875) divided the Polypodiaceae into two 
i divisions: Eremo dry a (fronds articulated with the rhizome) and Des~ 

mobrya (fronds adherent) and he succeeded in delimiting several natural 
genera or groups combining more characters. His work was overlooked for 
I . many years but it is now generally admitted that his ideas were sound and 

that he was really a pioneer of modern pteridology. The keenest pterido- 
f ' legist of the 1 9th century w^as no doubt Georg Mettenius. He was a pupil 

of Hofmeister and Alex. Braun and used their comparative method in 
his fern-studies, basing his results not only on studies of the external 
morphology but also on microscopical researches bearing chiefly on the 
development of the sori. He understood the importance of the vegetative 
characters such as the venation and he proposed (1 856) the classification 
of the kinds of venation (venatio Drynariae, v. Goniophlebii, etci, etc.) still 
used. His wide-ranging and penetrating studies were interrupted by his 
early death (1866) but it is probable that his results, if completed and 
I published, would have inaugurated a new period of fern-taxonomy. 
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the development of which the Synopsis Filicum brought to a stand-still. 

The theory of evolution, widely accepted after 1 880 as a basis for 
systematic works, had for a long time no effect upon the classification of 
the ferns. As late as 1897 H. Christ in Die F a r n k r a u t e r d e r 
E r d e made the first successful attack against the dominating influence 
of Hooker and Baker. Basing the genera on the structure of the whole 
plant his classification was a step in the right direction but can still not be 
said to be a natural one. Far more in accordance with the modern view of 
phylogeny as the basic principle of systematics was the wholly new clas- 
sification of the Polypodiaceae by L. Diels in the fourth volume of Engler 
u. PRANTL : Die natiirlichen Pflanzenfamilien (1 899), 
which was followed by Carl Christensen in Index Filicum (1905- 
6), an alphabetical enumeration of all known ferns (149 genera with about 
6000 species). These two works have since been the standard- works of fern- 
taxonomy and have been followed by nearly all later writers in spite of 
their unnatural sequence of the families and misconception of some genera 
and their right systematic position. During the last thirty years much 
work has been done in order to clear up the phylogeny and mutual 
relationships of the living ferns partly by comparing them with extinct 
species, partly by a thorough study of the development of all organs 
including the gametophyte which never has been considered before by the 
taxonomists. Among the scientists who have Gontributed largely in this 
way to our knowledge K. Goebel and F. 0. Bower are the most prominent, 
the former in his A r c h e g o n i a t e n s t u d i e n and 0 r g a n o- 
g r a p h i e d e r P f 1 a n z e n, the latter in numerous papers, the results 
of which he collected in the important work The F e r n s (3 vols. 1923- 
28). The studies of these and other botanists have proved that soral 
characters, although of high systematical value, are alone insufficient to 
clear up the phylogeny of living ferns ; it is now evident that these charac- 
ters are, in many cases, evolutionary states arrived at within otherwise 
very different groups; on the other side the structure of the dermal ap- 
pendages (hairs and trichoms) and other organs, the stelar structure etc. 
appear to be of high value as genotypicalcharacters. Neither Goebel nor 
Bower ventured to propose a new classification based upon their numerous 
important results of their studies which as a whole agree with the con- 
clusions arrived at by taxonomists. Among these E. B. Coreland alone 
has tried to arrange the oriental genera of Polypodiaceae into a phyletic 
sequence (1 929), but omitting as he does the African and American genera 
and the other families his essay is incomplete. It contains however many new 
and fertile points of view and must be seriously considered by anyone, 
who tries to work out a new phyletic classification of ferns based on the 
results of modern research. Such an attempt is made in the following scheme 
which in addition is based on an intimate knowledge of four-fifths of all 
known ferns, now numbering round 9000 species. It is not conclusive, too 
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many points remaining obscure and it encounters two difficulties which 
still cannot be overcome. Many important features observed in the ana- 
tomical and morphological structure of the sporophyte or gametophyte of 
single or a few related species cannot be ascribed with certaint}^ to all 
species of the same genus and one must therefore always remember that 
hardly one character ascribed to a genus is to be found in all its species. 
The linear sequence of families and genera moreover gives no clear idea 
of the highly interwoven phytogeny of recent ferns and it is perhaps 
impossible to demonstrate to others the reticulated ph3dum as it appears 
to the trained taxonomist. 


Some important taxonomic works 

(For other works may be referred to Carl Christensen: In.dex Filicum with 
supplements where a nearly complete list is to be found) 

A. General 

J. E. Smith, Tentamen botanicum de Filicum generibus. . . . Mem. Ac. Turin v. V. 
1793. 

O. Swartz, Synopsis Filicum. Kilioe. 1806. 

C. F. WiLLbENOW, Linne Species Plantarum, ed. quarta, v. V. 1810. 

G, F. Kaulfuss, Enumeratio Filicum; Lipsise. 1824. 

M. Desvaux, Prodrome de la famille des fougeres. Mem. Soc. Linn. Paris, v. 

VI. 1827. 

H. Schott, Genera Filicum. Vindobonae. 1834. 

C. B. Presl, Tentamen Pteridographiae. — Pragae 1836. — Supplementum. 
1845. 

Epimeliae botanicae. Pragae 1849. 

W. J. Hooker, Genera Filicum. London 1838-42. 120 pi. 

, Species Filicum v. I-V. London 1844-64, 304 pi. 

A. L. A. Fee, Genera Filicum. Paris et Strasbourg. 1850-52. 32 pi. 

G. Mettenius, Filices horti botanici Lipsiensis. Leipzig 1856. 30 pi. 

T. Moore, Index Filicum. Synopsis of the genera. London 1857. 84 pi. 

W. J, Hooker and J. G. Baker, Synopsis Filicum. London 1865-68. Sec. edition 
1874. 

J. Smith, Historia Filicum. London 1875. 

M. Kuhn, Die Gruppe der Chaetopterides. Berlin 1882. 

FI. Christ, Die Farnkrauter der Erde. Jena 1897. 

L. Diels and others, Pteridophyta in Engler u. Prantl: Die nat. Pflanzenfam. 
1899-1900. 

Carl Christensen, Index Filicum. Hafniae 1905-06. Supplementa I-III. 1913. 
1917, 1934. 

F. O. Bow’'er, The Ferns, v. I-III. — Cambridge 1923-28. 

E. B. Copeland, The oriental oi Polypodiaceae. — Univ. Calif. Publ. Bot. v. 

XVL 1929. '■ 

B. Illustrated w o r k s (ge n e r a 1) 

C. ScHKUHR, Vier und zwanzigste Klasse . . . . oder Kryptogamische Gew^chse. 
V. I. Wittenberg 1804-09. 219 pi. 

AV. J. Hooker et R. K. Greville, leones Filicum. London 1827-31. 240 pi. 

G. kuNZE, Die Farrnkrauter .... Leipzig 1840-51. 140 pi. 

W. J. Hooker, 1. and 2. century of ferns. London 1854, 1861. 

, Filices exoticae. London. 100 pL 

J. G. Baker, in Hook. Ic. Plant, pi. 1601-1700. 1886-87. 
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C. Local 

J. Milde, Filices Eiiropae et Atlantidis Lipsise 1867. 

C. Luerssen, Die Farnpflanzen. Rabenhorst: Krypt. Flora 2. Aitfi. v. III. 1884-89. 
M. Kuhn, Filices africanae. Lipsiae 1868. 

T. R. Si]M, The ferns of South Africa. Capetown 1892. 159 pi. —2. edition. Cam- 
bridge 1915. 186 pi. 

Carl Christensen, The Pteridophyta of Madagascar. — ^ Dansk Bot. Ark. v. VIL 
1932. 80 pi. 

C. L. Blu.me, Flora Javae. Filices. Bruxelles 1828-29, 95 pi. 

R. H. Beddome, Ferns of Southern India. Madras 1863-64. 271 pi. 

^ Ferns of British India, with supplement. Madras 1865-70 and 1876, 390 pL 

, Handbook to the ferns of British India, Calcutta 1883. Supplement 1892. 

C. B. Clarke, A review of the Ferns of Northern India. — Trans. Linn. Soc. 

London. II. s. Bot. V. I. 1880. 36 pi. 

C R. W. K. V. Alderwerelt v. Rosenburgh, Malayan Ferns. Batavia 1909. Sup- 
plement 1917. ' 

M. Ogata, leones Filicum Japoniae. Tokyo 1928-36, 350 pi. (unfinished). 

R. C. Ching, leones Filicum Sinicarum. Peiping 1930-35, 150 pi. (unfinished). 

F. M. Bailey, Lithograms of the Ferns of Queensland. Brisbane 1892. 191 pi. 

W. J. Robinson, A taxonomic study of the Pteridophyta of the Hawaiian Islands. 

Bull. Torr. Bot. Cl. V. XL. 1913. 

E. B. Copeland, Ferns of Fiji. Bishop Mus. Bull. no. 59. 

^ Pteridophytes of the Society Islands. Ibid. no. 93. 

A. L. A. Fee, Flistoire des Fougdres et des Lycopodiac6es des Antilles. Paris 1866. 
34 pi. 

, Cryptogames vasculaires du Br6sil. Paris 1869-73. 108 pi. 

D. C. Eaton, The Ferns of North America, 1877-80. 81 pi. 

J. G. Baker and others, Pteridophyta in Martius: FI. bras. v. I pars 2. 1859-84. 

A. SoDiRO, Cryptogamaevascularesquitenses. Quiti 1893. 

G. S. Jenman, West Indian and Guiana Ferns. Trinidad 1898-1908. 

L. M. Underwood and W. R. Maxon in North American Flora, v. XVI. 1909 
(unfinished). 

W. R. Maxon, Pteridophyta, in Sci. Survey of Porto Rico and the Virgin Islands v. 
V, pt. 3. 1926. 

D . S o m e i m p o r t a n t [m o n o g r a p h s 

A. L. A. Fise, Histoire des Acrostichees. Strasbourg 1 845. 64 pi. 

— , Histoire des Vittariees, and Histoire des Antrophy4es (3. et 4. meinoire). 
1852 5 pi. 

de Vries et P. Hartig, Monographie des Marattiacees. Leiden 1853. 8 pi. 

G. Mettenius, Bber einige Farngattungen I-VI. 1857-59. 

R. van den Bosch, Synopsis Hymenophyllacearum. Ned. kr. Arch. v. IV. 1859. — - 
Supplements ibid. V. V. 1861-63. 

A. Braun, Bber die Marsiliaceen-Gattungen Marsilia und Pilulana. — Monatsber. 
Beri,Akad.l863 undl870. - 

J. Milde, Monographia generis Qsmundae. Vindobonae 1868. 

— , Botrychiorum monographia, Verh. zool. bot. Ges. Wien v. XIX. 1869. 

K. pRANTL, Untersuchungen zur Morphologie der Gefasskryptogamen. I. Die Hy- 

menophyllaceen. 1875. II. Die Schizaeaceen. 1881. 

, Svstematische tJbersicht der Ophioglosseen. Ber. Deutsch. bot. Ges. v. I. 

18E3.-- 

H. Ch.hst, Monographie des Genus Elaphoglossum, 1899. 

K. Giusenhagen, Die Farngattung Niphoholns. Jena 1901. 

Carl Christensen, A Monograph of the genus Dryopteris. Part I-II (American 
sp.). Vid. Selsk. Skr. s. VII V. IV. 1907, v.X. 1913, s. VIII v. VI. 1920. 

, Taxonomic Fern-studies. I. (Drymoglossinae et Cochlidiiuae) . Dansk Bot. 

Arkiv. V. V. no. 3. 1929, 

E. P; Copeland, Leptochilus and genera confounded with it. Phil. Journ, Sci. v. 
/XXXVir. 1928. 30 pi. 

! The fern genus Plagiogyrijs ^. Ibid, v, XXXVIII. 1928, 16 pi. 
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Series 1. Filices Eusporanglatae. — Sporangium originating from a group of 
cells, its wall consisting of several layers of cells. Homosporous; no perispore. Antlie- 
ridia sunk in the tissue of the prothallium. A suspensor observed in several species. 

Order I. Ophioglossales 
Characters of the only family : 

Ophioglossaceae 

S p o r o p h y t e : Terrestrial (rarely epiphytic) herbs with short, fleshy, usually 
naked (never scaly) rhizome and flesh}’- roots. Leaves one to several, not circinnatein 
bud and without stipular base, the fertile ones consisting of a basal common stalk 
which bears at the apex a sterile, simple or dissected blade and a stalked fertile 
spike or panicle, the s p o r o p h y 1 1. Sporangia marginal in two rows, rather 
large, sessile or with a very short, thick stalk, without annulus. Spores very numer- ' 
ous (up to 15000 in Ophioglossum, 1500-2000 in Botryohhim) , tetraedral, — Ga- 
m e t o p h y t e; Prothallium a hypogean, tuber-like body, saprophytic (usually 
without chlorophyll) and with mycorrhiza. — 3 genera with about ^0 species, 

A. Sterile blade and sporophyll more or less compound, the veiiis free. Spo- 
rangia free. 

Helminthostachys Kaulf. Sporophyll a slender but compound spike. Sporangia 
opening by a vertical slit. Sterile blade subdigitate-palmately divided. — - 1 sp. in 
tropical Asia-Polynesia. 

Botrychhim Sw. Sporophyll a compound panicle. Sporangia subsessile, opening 
by a transverse slit. Sterile blade simply pinnate or decompound. — Ca. 30 sp. in the 
Arctic and Northern temperate zones, few in the Tropics and Antarctic. 

B. Sterile blade simple, linear to ovate and reniform, rarely (in subgenus 
Cheiroglossa) palmately divided, with reticulated veins, Sporophyll a simple 
spike, the large sporangia sunk and coalescent, opening by a transverse slit. 

Ophioglossum L. Small terrestrial herbs spread throughover the globe, or larger 
tropical epiphytes (subgenera Ophioderma and Cheiroglossa), Ca. 50 sp. 

Order II. M a r a 1 1 i a I e s 

Sporophyte: Terrestrial plants with an erect, massive or horizontal 
rhizome. Leaves circinnate in bud, articulated to the rhizome by fleshy swellings 
and with stipule-like enlargements at the base of the stalk, pinnately or, in Chris- 
tensenia, digitately divided ; mucilage-canals and tannin-cells in the tissue. Sporan- 
gia borne superficially on the veins below, forming linear or circular sori, either 
free or coalescent in “synangia”, sessile and without annulus or, in Angioptevis, 
with a very rudimentary one, all the sporangia of the same sorus developing 
simultaneously, opening by an internal, vertical slit. Spores tetraedral or bilateral, 
very numerous (1400-7000). — Garnet ophyte: Prothallium green, flat, 
variously shaped, long-living, a central part forming the massive cushion which 
produces the sexual organs on the under side. Endophytic fungus present. 

The few genera of this order were all hitherto referred to a single famdy, 
Maraiiiaceae, but it seems more appropriate to divide them into two (if not 
four) families : 

^ Family 1. Angiopteridaceae 

Sporangia free, closely placed in two rows, forining linear sori, surrounded by 
fringed scales (“false indusium") and with a rudimentary annulpTcat the top. Leaves 
uniform, pinnately divided with free veins. — 3 genera. ihi 

Angiopteris Hoffm. Mighty ferns with bipinnate leavef^ G a m e -fc false veins’" 
often present between the true ones. Sori near the edge,prmed by divisiv-30 sporan- 
gia. — Ca. 100 closely allied sp. (partly geographic/s two antheridia etdagascar 
through Ti'op. Asia to Japan and eastern Polynesia. • cilia. The female protha ■ 

Macroglossum. Campbell. (2 Malayan sp.) and ./^bf the megaspore and cons.xES. 
(4 (or 1) sp. inch Pseudomarattia Hayata. China-, the spore is filled with nourisily 
pinnate leaves witho'at recurrent veins and a high>nly two rows of cells. Embryonal" 
up to 160). , ^iate ferns. — 3 genera with about 

■' 34 '' " 
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Family 2. Marattiaceae 



Sporangia coalescent in synangia. Recurrent veins and rudimentary annulus 
none. — 7 genera with ca. 80 species. 

Marattioideae. Leaves uniform, pinnately divided with usually free veins. 
Synangia linear, supramedial or near the edge, sporangia oval, opening by an 
internal slit, with or without indusial scale. One genus: 

Marattia Sw. Rhizome erect, radial. Leaves bi-tripinnate ; synangia near the 
margin, linear-oval with 16-40 loculi. Ca. 50 sp. in the Tropics'of both hemispheres. 

Chnstensenioideae. Rhizome creeping. Leaves uniform, digitate with reticulate 
veins. Synangia circular with a depression in the centre, scattered over the under 
surface; loculi 10-20, opening by an internal slit; indusial scales none. One genus: 
ChrisienseniaMkXON. ■ — 2 Malayan sp. 

Danaeoideae. Rhizome oblique or horizontal. Leaves subdimorphic, simply pinna- 
te (rarely entire) with free veins and nodose swellings on stipes and rachis. Synangia 
extended from midrib to margin, very close and covering the whole under surface of 
the fertile pinnae, each sporangium opening by a terminal pore, without indusial 
scales. One genus : 

Danaea SM.-Ca. 30 sp. in Trop. America. 

Series 11. Filices Leptosporangiatae. — Sporangium originating from a single 
superficial cell, its wall consisting of a single layer of cells. Homosporous or hetero- 
sporous. Antheridia raised over the surface of the prothallium. No suspensor. 

Order lll. F 1 1 i c a ! e $ 

Leaf circinnate in bud. Ail, excepted, homosporous. 


Family 1. Osmund aceae 

S p o r o p h y t e : Terrestrial ferns with massive, hard, erect rhizome without 
scales. Leaves uniform or dimorphous, pinnately divided, not jointed to the rhizome, 
with stipular expansions covered with glandular hairs at stipe-base, the axes often 
with woolly hairs; veins free. Sporangia either marginal on much reduced segments 
or superficial on the under side of unaltered pinnules, not forming real sori and 
without Indusium, all developing simultaneously {-'Simplices" of Bower), globose 
or pyriform, short stalked and with a rudimentary annulus formed by few thick- 
walled cells near the distal end, dehiscent by a slit running from these cells across 
the top to the ventral side. Spores rather numerous (up to 600), tetraedral, green, 
without perispore, ephemeral. — Gametophyte: Prothaliium green, cordate, 
flat with a percurrent thickened midrib, large and fleshy, long living. — 3 genera 
with ca. 20 species. 

A. Sporangia marginal on much reduced pinnules. 

Osmunda L. Leaves wholly or partially dimorphous, in dense crowns, arranged in 
two circles, the inner fertile and erect, the outer sterile and spreading. Sporangia 
wholly replacing the leaf-tissue of all or some pinnse. — 12 species, mostly in 
swamps, in the temperate and tropical regions. 

B. Sporangia superficial on the veins of unaltered pinnules. 

Toffea Wiled. Leaf thick with stomata, bipinnate. Caudex up to 1 m high and / 
thick. — I sp. (T. in Australia, New Zealand and South Africa. 

Leptopteris Pre^l. Leaf very thin, like that of a filmy fern, without stomata, 
finely dissected.^”” Ndex sometimes subarborescent. — 6 sp. from New'- Zealand- 

Polvnesia-Mi'^°gIfP‘*- 
^^EN, Die Fat. 

4'ENSEN, A Moh^ Family 2. Schizaeaceae 
y^d. Selsk. Skr. s. W 

S p.^'iaxonomic Fern-studi|^6rrestrial and xerophiloiis ferns with a horizontal or 
erec^i'kiv. v. V. no. 3. 1929. 'nple hairs or, in Mohria, with scales. Leaves erect 
qrp . Copeland, Leptochilus andnately divided, of diverse form, the veins free and 
XXXVII. 1928. 30 pi. '^nrely reticulate. Fertile pinnae, except in 

1 The fern genus P/(jgjogynmporangia obovoid or pyriform, large and sessile 
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or, in Lygodium, short stalked, marginal in origin but soon forced into a superficial 
position by different outgrowths from the fertile segment, which protect them as 
“false indusia", in two rows (solitary in Mohria) on the vein, not forming real sori 
but each a “monangial sorus'’ or “monangium'h provided with a complete trans- 
verse annulus at the apical end and a definite stomium, opening by a vertical slit. 
Spores tetraedral or bilateral, without perispore, rather numerous (128-256). — 
G a m e t o p h y t e : Prothallium green, flat with a lateral cushion or, in Schizaea, 
filamentous with some swollen, pale-green cells with mycorrhiza, the simplest and 
most primitive of all prothallia known. — 4 genera with ca. 160 species. 

A. Prothallium filamentous, spores bilateral ; no scales. 

Schizaea Su. Rhizome oblique or short-creeping, of an advanced protostelic 
structure. Leaves polystichous, simple or forked, unicostate, grass- or rush-like, or 
flat and repeatedly dichotomous with uni- or pluricostate divisions. Sporangiopho- 
res terminal on the costae, either spuriously digitate in a penicillate tuft with the 
sporangia apparently in four rows (subgenus Actinostachys) or pinnate with the 
sporangia in two distinct rows (subg. Euschizaea SiHd LopJiidium) , partly protected 
by the indusium-like recurved margins. — Ca. 30 sp. in the tropical and southern 
temperate regions, one (S. pusilla) in Atlantic N. America. 

B. Prothallia flat, green, spores tetraedral. 

Lygodium Sw. Rhizome creeping, solenostellic, without scales. Leaves monostich- 
ous, twining, of indefinite growth, dichotomously palmateiy or pinnately divided, 
veins free, rarely reticulate. Sporangia in two rows on marginal sporangiophores or 
specialized lobes of otherwise not altered pinnules, each borne near the end of the 
vein and enveloped in a pocket formed by outgrowths from the lobe. — Ca. 40 sp. 
in tropical and subtropical regions, one (L. palmatum) in Atlantic N. America. 

Anemia Sw. Rhizome short creeping or oblique, dictyostelic with polystichous 
leaves, or, in subgenus Anemiaehotrys, creeping and solenostelic with distichous 
leaves, without scales but usually densely coated with silky hairs. Leaves pinnately 
divided, sometimes wholly dimorphous but usually only the basal pair of pinnae 
fertile with extremely reduced leaf-tissue, erect or sometimes spreading. Sporangia 
closely placed in two rows on the ultimate fertile segments which are either semi- 
terete without spurious indusium or narrowly foliose with recurved, indusium-like 
margins. — Ca. 90 sp- nearly all in tropical America, a few in Africa and Mada- 
gascar, one in India. 

Mohfia Sw. Rhizome short, dictyostelic, scaly. Leaves polystichous, pinnately 
divided, in habit like Cheilanthes, A single sporangium borne near the end of each 
vein of the unaltered fertile leaf, more or less protected by the revolute margins. — 
3 sp. in Africa. 

Family 3. Marsileaceae 

S p G r o p h y t e ; Aquatic or semiaquatic herbs with long creeping, solenostelic, 
branched, hairy rhizomes. Leaves in tvro rows, circinnate in bud, linear or 2-4 
foliolate, clover-like, bearing ventrally at the base or lower part of the stipes one 
to several, sessile or stalked s p o r o c a r p s, which are interpreted as highly 
specialized pinnae. The sporocarp is a hairy, firm, globose or ovoid-oblong body of 
different structure (see the genera) containing the sori, rupturing by one or four 
slits. Sori four to several, each consisting of a peripherical receptacle which bears 
numerous, in origin marginal sporangia enveloped by a soft tissue from the inner 
side (“indusium"). Sporangia of two kinds: M e g a s p o r a n g i a 
below, each containing one very large (up to 0.5 mm long) megaspore coated with a 
thick layer of mucilage, and M i c r o s p o r a n g i a with numerous minute micro- 
spores. Some elongated cells in the sporangia of Pilularia are interpreted as a 
distal vestigial annulus. Spores of both kinds tetraedral. — Gametophyte: 
The male prothallium consists of two vegetative cells formed by divisions in the 
basal part of the microspore, the rest of which develops two antheridia each with 
1 6 sperm-cells ; spermatozoids with a large number of cilia. The female prothalHum 
is formed in a hemispherical, thin- walled projection of the megaspore and consists 
chiefly of a single archegonium, while the cavity of the spore is filled with nourish- 
ment for the embryo ; neck of archegonium with only two rows of cells. Embryonal 
development essentially as in other leptosporangiate ferns. • — ■ 3 genera with about 
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70 species. In spite of the widely different habit of the sporophyte this family 
seems to have its nearest relatives in the Schizaeaceae, and I follow, therefore, Bower 
in placing it here and not most other writers in associating it with the similarly 
heterosporous but otherwise abundantly different family, the Salviniaceae. 

Pihdaria L. Leaves linear, grass-like, each bearing one globose sporocarp, 
which inside the thick wall is divided into four loculi, each containing a sorus and 
splitting by a longitudinal rupture and evacuating the sporangia in a mass of 
mucilage. — 6 species in Europe, America and Australia. 

MarsiUa L. Leaves 4-foliolate, each bearing one to several ovoid-oblong sporo- 
carps which rupture longitudinally at maturity into two halves, each containing 
several sori which are emitted all together borne at intervals on a wormlike band of 
mucilaginous tissue. — Ca. 65 species in temperate and tropical regions, many in 
Australia. 

Regnellidiiim Lindman. Leaves bifoiiolate. ■ — 1 sp. in Brazil. 

Family 4. Gleicheniaceae 

Sporophyte: Terrestrial and mostly xerophilous ferns with long creeping 
and usually branched, protostelic (rarely solenostelic) rhizome clothed with scales 
or hairs. Leaves solitary, not jointed to the rhizome, uniform, of a straggling habit, 
apparently dichotomously but in reality pinnately divided; after the development 
of one pair of pinnae the stipes ends in a dormant, paleaceous or hairy bud and the 
same may be repeated by the axes of the primary and subsequent pinnae in some- 
what different ways within the systematic groups; veins free and usually forked, 
the axes often chaffy or hairy. Sporangia as a rule few in exindusiate sori in a single 
row at each side of the midrib, superficial (sometimes sunk in cavities), placed 
round a receptacle and all developing simultaneously, broadly pear-shaped, sub- 
sessile, provided with a complete, transverse annulus and opening by a vertical slit; 
spores tetraedral or bilateral, without perispore, numerous (some hundreds) or 
few (16-32) in Platyzoma. — Gametophyte; Prothallium green, flat with a 
midrib and marginal proliferations; neck of archegonium straight, antheridia very 
large with several hundreds of spermatozoids. — About 120 species, all but 1-2 
usually referred to one genus, Gleichenia, which is an aggregate of 3 (or 5) natural 
genera. Many species form dense thickets in dryer places (e.g. savannahs) in tx'opical 
and subtropical regions. 

Dicranopteris Bernhardi. Rhizome and axes with hairs only. Secondary and 
tertiary axes naked, i.e. not pectinato-pinnate; segments long and plane with dorsal 
sori consisting of 6-12 sporangia. A small genus with two sections: Heferopterygium 
(Diels) : Axis protostelic, spores tetraedral (type: D. linearis, one of the common- 
est ferns of the Old World) and Acroptarygium (Diels) : Axis solenostelic, spores 
bilateral (type: the American D, 

Stichenis Presl. Rhizome protostelic, with scales. Secondary and subsequent 
axes pextinato-pinnate {Eu- Stichenis, syn. Holopterygium Diels, type S. laevigatus) , 
or the secondary ones only developed and bipinnate {Hicriopterus Presl, syn. 
Diplopterygiiim Diels, type S. glancus). Segments and sori as in Dicranopteris but 
sporangia few (2-6); spores bilateral. - — Ca. 100 sp. 

Gleichenia Smith. Like Sticherus but segments very small, roundish, concave 
with terminal sori, which in some species are sunk in deep cavities. — Ca. 10 sp. 
in the southern hemisphere, 

Platyzoma R. Br, and Stromatoptevis Mett. are monotypic genera (Australia 
and New Caledonia respectively) with more clustered, simply pinnate leaves. 

Family 5. Matoniaceae 

Sporophyte: Terrestrial ferns with complicated solenostelic, creeping 
rhizome clothed with hairs. Leaves solitary, uniform, dichotomous, of different 
habit in the two genera, coriaceous, the veins mostly free outside the soral area. 
Sporangia few together in superficial sori, simultaneous in origin, covered by a 
coriaceous, peltate indusium developed from the centre of the convex receptacle, 
sessile or short-stalked, provided with an irregular, more or less complete, sinuous 
annulus without definite stomium, opening laterally. Spores tetraedral, without 


C. CHRISTENSEN, FILICINAE 


531 


perispore, typically 64. - — G a m e t o p h y t e little knowA; prothalliiini green. 
— An archaic family of two genera with four species, probably nearest related to 
the Dipieridoideae amongst living ierns. 

M.atonia B. Br. Leaf erect, pedate (“a very perfect example of a catadromic 
helicoid dichopodium”, Bower) with pinnatifid divisions. Sort uniseriate, costular, 
seated on a plexus of veins. — 2 Malayan sp., forming thickets like Gleichenia. 

' Phanerosorus Copeland. Leaf pendent, repeatedly dichotomous but usually of a 
pinnate habit because of the abortion of some terminal buds, with entire, forked 
pinnae. Sori medial, on a single, mostly free vein. — 2 sp. in Borneo and New 
Guinea. ' 

Family 6. Hymenophyllaceae 

S p o r o p h y t e : Minute to medium-sized, terrestrial or epiphytic herbs with 
protostelic, never scaly rhizome, which is mostly wide-creeping and branched with 
distichous, dorsiventral leaves, or, in some species of Tvichomanes, erect, radial with 
the leaves arranged spirally ; root-system weakl^^ developed, roots sometimes wholly 
absent but substituted by much hairy, leafless branches from the rhizome. Leaves 
uniform, rarely (in Tvichomanes sect. Feea) dimorphous, often with simple or 
branched hairs but without scales, with few exceptions (e.g. Cardiomanes) very 
thin and translucent, formed of one layer of cells without intercellular spaces 
and stomata, entire and then usually very small (down to 5 mm long) or variously 
mostly pinnately divided with 1 -nerved ultimate segments. Sori terminal on a vein 
and marginal, immersed or commonly more or less free, sometimes subpetiolulate, 
consisting of a two-valved or cylindrical to campanulate, at best two-lipped indus- 
ium, which encloses a long, cylindrical receptacle with numerous sporangia, these 
originating in basipetai succession {Gradaiae, Bower), of various sizes, short-stalked, 
globose or compressed, provided with an oblique annulus without definite stomium- 
cells, opening laterally by a long slit. Spores tetraedral, without perispore, few to 
many (32 to 420 in one sporangium. Bower). — G a m e t o p h y t e: Prothallium 
of Tvichomanes filamentous, branched, resembling a green Alga, with the arcliegonia 
produced at the end of short branches (archegoniophores), of Hymenophyllu^n 
flattened, strap-like, never coidate, with antheridia and archegonia borne together 
on a lateral lobe,. — 4 genera with over 600 species. 

Trichomanes L. Indusium cylindrical to campanulate with entire or two-lipped 
mouth, receptacle often very long and exserted as a long bristle. Prothallium 
filamentous. — Ca. 330 sp. of widely different habit, belonging to about ten, 
mostly very distinct subgenera (or better genera), nearly all tropical, one (T. 
,sp<3dosMw) in western Europe. 

Cardiomanes Pr. Like Tvichomanes in sori but the entire, reniform frond coriace- 
ous, several cells in thickness. 1 sp. in N. Zealand. 

Serpyllopsis v. d. B. A single terminal trichomanoid sorus, habit of Hymenophyh 
1 sp. in temp. S. America. 

HymenophyUum Smith. Indusium more or less deeply divided into two entire or 
dentate valves, receptacle short, rarely a little exseited. Prothallium flatfish. Ca. 
300 sp. mostly tropical (two in W. Europa), belonging to two subgenera: Sphaevo- 
cionium Pr. (Euhymeviophyllum auct.) : Segments and valves entire, andZ.^^- 
tocionium Pr. : Segments and generally also valves dentate. 

Family 7. Loxsomaceae 

Sporophyte: Terrestrial ferns of davallioid habit with creeping solenostelic 
rhizome coated with hairs. Leaves pinnately divided, uniform, coriaceous, not 
jointed to the rhizome, the veins free. Sori marginal in origin, terminal on the 
veins, consisting of a cup-like indusium resembling that of Tvichomanes enclosing 
a columnar receptacle, which is elongated beyond the mouth of the indusium and 
bears the basipetai sporangia with hairs (paraphyses) between. Sporangia pyriform, 
subsessile, obliquely ascending, provided with a complete annulus, different in the 
two genera. Spores tetraedral, without perispore, 64 in each sporangium. — G a- 
metophyte: Prothallium of the common cordate type with bristle-like hairs 
below. 
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A small family of doubtful systematic position, in soral characters mostly 
resembling but in general habit and anatomy the Dennstaedtioideae. — 

2 genera with 4 species. 

Loxsoma R. Br. Sporangia with only some of the cells of the annulus thickened, 
without definite stomium-cells, opening by a median longitudinal slit. — 1 sp. in 
New Zealand. 

Loxsomopsis Christ. Sporangia with all cells of the annulus thickened and with 
a well differentiated stomium, opening by a lateral slit. — 3 sp. in Andes (Costa 
Rica — Bolivia). 

Family 8. Hymenophyllopsidaceae 

Sporophvte: Terrestrial ferns of Hymenophyllum-like habit and venation 
with erect, stout, solenostelic rhizome, clothed with scales. Leaves 
radial, pinnately divided, thin (3 layers of cells) , without stomata. Sori terminal 
on the veins, provided with a leafy, green, lobed indusium, which is fixed either 
to, the vein at the very base only or connate to the fertile lobe at one (the outer) 
or both sides. Sporangia few, large, subsessile, in shape and structure closely 
resembling those of AlsopUla with a similar broad, oblique annulus. Spores globose. 
— - G a m e t o p y t e unknown. — 1 genus : 

Hymenophyllopsis Goebel, Flora, N. F. XXIV p. 3. (1929). — 2 sp. in Guiana 
(Mt. Roraima and Mt. Duida) and Venezuela. 

Quite unique as to several characters, in habit and thin leaves resembling the 
Hymenophyllaceae, in scale-characters and structure of the sporangia the Cyatkea- 
ceae, still abundantly different from these families as well as from all Polypodiaceae, 

Family 9. Plagiogyriaceae 

Sporophyte: Terrestrial ferns with a radial, dictyostelic, massive and 
hard, scaleless stem which may bear slender, solenostelic runners. Leaves in dense 
rosette, dimorphous, simply pinnate, resembling those of Blechnum sect. Lomaria, 
the stipes at base fleshy and swollen, trigonous and bearing two rows of tuber- 
culiform pneumatophores, when young covered with mucilaginous hairs, the veins 
forked. Sori exindusiate but protected by the revolute margins of the narrow fertile 
pinnae, superficial on the branches of the forked veins, developing in a mixed suc- 
cession, long-stalked, provided with an oblique annulus and a definite stomium, 
opening by a lateral slit. Spores tetraedral-globose, few (48), wdthout perispore. 

‘ — Gametophyteof the ordinary leptosporangiate type. — - One genus : 

Plagiogyna (Kunze) Mettenius. — About 30 species, mostly from Asia (Ma- 
laya to Japan), a few from America (Mexico and the Greater Antilles to Bolivia). 

While older pteridologists referred the species of this genus to Lomaria it was 
later placed in the Pteridoideae. In spite of having some important characters in 
common with the Polypodiaceae (habit, mixed sori, few spores) it differs as to 
others widely from all groups of that family, and as it shows in some essential 
features affinity to the more primitive types of ferns, especially the Osmundaceae 
(anatomy, stipe-base, lack of scales, annulus) it seems preferable with Bower to 
place this isolated genus in a family of its own. 

Family 10. Dicksotiiaceae 

Sporophyte: Mostly tree-ferns -with an upright, often lofty, radial, compli- 
cated dictyostelic, rarely decumbent trunk, with hairs but without scales. Leaves 
in a crown, very large, their bases as a rule hidden among a dense mass of hairs, 
pinnately divided, often partially dimorphous, coriaceous. Sori marginal and termi- 
nal on the veins, protected by a cup-shaped or two-valved indusium. Sporangia 
basipetal, of somewhat different structure, opening by a lateral slit. Spores 
tetraedral, without perispore, few (48-64). — Gametophyte? — 3 genera belong- 
ing to two subfamilies : 

Thyrsopteroideae. Leaf decompound, partially dimorphous, the basal 
pinnae being fertile with the ultimate divisions wholly reduced to the sori. Indusium 
at first subglobose, later a broad entire cup. Sporangia with a short, thick stalk and 
a complete, twisted annulus consisting of about 50 cells, half of which are thickened, 
the rest forming a lateral stomium. One genus: 
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Thyrsopteris Kunze with one sp., T. elegans, in Juan Fernandez. A small tree, 
i -1. 5 m high, spreading by runners. 

D i c k s o n i o i d e a e. Indusia two-valved. Sporangia long-stalked, the an- 
nulus more or less oblique with a definite stomium. — 2 or 4 genera : 

Dicksonia L’Heritier. Lofty tree-ferns with partially dimorphous leaves, the 
fertile pinnae being more or less contracted. Outer valve of the indusium formed by 
a slightly altered leaf-tooth. — - 17 sp. in the southern hemisphere. 

Cihoii'um Kaulfuss. Mostly arborescent ferns with a rather short {1-5 m) trunk 
or a short decumbent caudex and uniform leaves. Outer valve of the indusium 
similar to the inner. — 13 sp. in East Asia, Hawaiian Is. and Central America. 

The third genus Culcita Presl (Balantium auct., non Kaulfuss), usually 
placed in this subfamily, agrees with the former genera in characters of the 
sori (indusium two-lipped, sori gradate, annulus oblique) but as to others (no 
epigaeous stem, oblique ultimate segments and whole habit) it approaches Denn~ 
siaedtia and Copeland may be right in associating it with that genus. — 9 sp. in 
trop. and subtrop. regions, one in the Atlantic Isl. and S, Spain (C. macrocarpa, 
^yn. Balantium culcita). 

Cystodium J. Sm., a monotypic Malayan genus may tentatively be placed here as 
a probable derivative of Dicksonia with bipinnate, uniform fronds and a more 
reduced inner indusium-valve and slightly oblique annulus. 

Family 1 1 . Cyatheaceae 

Sporophyte: Mostly tree-ferns with an often lofty, radial, dictyostelic 
trunk (except in Protocyatheaceae) clothed with hairs or scales at the top and 
often with characteristic scars of fallen leaves and adventitious roots, or, these 
remaining, covered with a thick layer of roots. Leaves spirally arranged in a crown, 
rarely partially dimorphous, pinnately divided, the stipes often spiny and densely 
scaly, sometimes with “aphlebia” (abortive pinnae) at base; veins with few ex- 
ceptions free, simple or forked. Sori superficial and dorsal on the veins, round, 
exindusiate or with a more or less complete, inferior, cup-shaped indusium. Spo- 
rangia provided with a complete, oblique annulus, interrupted by a definite 
stomium, opening by a lateral slit, often mixed with hairs (paraphyses) . Spores 
tetraedral, without perispore, 64. G a m e t o p h y t e: Prothallium of the usual 
cordate type, when old with bristles on both sides and small scales. Antheridium 
with 2 cap-cells. 

A large family of ca. 700 very uniform species, mostly found in tropical mountain 
-forests and mostly very local in distribution. Bower has recently divided it into 
two families, the first of which shows several primitive characters, resembling the 
Gleicheniaceae. 

Protocyatheaceae. Caudex short on creeping, solenostelic, clothed 
with hairs but lacking scales. Sori exindusiate, sporangia large, short-stalked, all 
simultaneous in origin. — 2 otherwise widely different monotypic (?) American 
gQTiQXdi,: Lophosoria Pr. and Metaxya Pr. 

C y a t h e ace a e. Caudex erect, mostly arborescent, dictyostelic, clothed with 
scales. Sporangia small, long-stalked, basipetal in origin. The 3 genera usually 
adopted are weakly characterized and several writers have recently referred all 
to one: Cyathe a. 

R. Brown. Indusium none. — Ca. 300 sp. 

Hemitelia B.. Bnowm Indusium a basal, interior scale. Veins in some American 
species anastomosing. — Ca. 100 sp. 

Cya/Aea Smith. Indusium cup-shaped, at first wholly embracing the sorus. — 
Ca. 300 sp. 

Family 12. Polypodiaceae 

S p o r o p h y t e extremely diverse in habit, size and structure, briefly charac- 
terized under the subfamilies. Sporangia usually formiiig sori of differentshape and 
position and wdth or without indusium, as a rule mixed in origin, long-stalked and 
provided by a vertical, incomplete annulus opening by a transverse slit ; spores few, 
usually 32 or 64, with or without perispore. — G a m e t o p h y t e: Prothallium 
typically green, flat, cordate; antheridia with one cap- cell except in Woodsia. 
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• ■ /V oKmif 170 eenera with ca. 7000 species. 

Bv far the largest family, of thefe are well characterized and 

It is divided below ° ‘ are not very closely related to 

were perhaps better dealt '«th as “ ^ ancient common stock, and 

each other but P^o^-^'df.Se 

the sequence does not characters and are therefore placed 

with marginal sori have retaine include forms which are no doubt 

first, but others, especially the Further we find within several subfamilies 

recent representatives of very ^.^is primitive character are placed 

forms which totally lack ^ e s before the forms with scales, L e p i- 

under the heading C h a e ^ ° P ” ^ , j^gs of the different subfamilies into one 
dopterides. bniting aliyhae p ^ probable that the existence of 

subfamily would be very different groups proves that these are 

such primitive forms 7^*^“ , A® s ^nd independently have developed forms 

derivated separately from "rsaid on tL a c r o s t i c h o i d forms with 

with flattish scales. Ihe same may ^ ^ f nd in some subfamilies or 

the sporangia spread over the leaf " developed relatively late. The 

does not exist as a natural one. 

Subfamily I. Dennstaedtioideae 

Sori round, terminal on but'in'^M^rof^^M withdrawn from 

but never fused receptacles, marginaU^^^^ indusium; 

the margin, protected by a fong, thin, three-rowed stalks, often 

sporangia basipetal or ^ without perispore. — Terrestrial ferns with 

mixed with filiform paraphyses , spores w« P dictyostelic and 

than the other Polypod^aceae l^[ght as well be placed here, 

genus Culcita, mentioned under th directly to the lindsayoid 

and an unbroken ' ssible to draw a definite boundary between 

the genera with definite “ever fused sorm ^ an inner or lower flap and an 

ouler“efone more or last’s modified marginal lobe from the 

^^f'chTelopterides. Rhizome wide-creeping, solenostelic, with hairs. 
Both indusia connate. tnarmnal the entirely connate indusia forming a 

p™“>- "S' i»sfp' 

Copland are small Malayan- Polynesian 
.gen^era near ‘^mf ciL^inrorluterL^'w^h some scales. 

ILilar but upper indusia not fused and membranous. - 2 
^ COPELAND. Rhizome short, dictyostelic, leaves decompound. - Ca. 

COPELAND. A monotypic genus (inji) of d^btful position, wH^ 

rer l?:i?aborted, the outer a more 
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or less modified flap which is recurved and covers the sorus, sometimes absent. 
Rhizome creeping, with hairs, solenostelic. 

Hypolepis Berxhardi. — Ca. 40 sp. of dennstaedtioid or dryopteroid habit. 
Intermediate between Dennstaedtia and the chaetopteroid Pteridoideae. 

Subfamily II. Litidsayoideae 

Sori marginal or intramarginal and terminal (except in Taenitis), either single 
and round or coenosori borne on the fused vein-tips, mixed and indusiate (except in 
Taeniiis) ; indusium usually double, consisting of the more or less modified or un- 
altered margin of the fertile segment, to which the lower indu.sium may be connate 
at three sides or fixed at the base only; stalk of sporangium three-rowed; spores 
without perispore. — Terrestrial or epiphytic ferns with creeping, proto- or solen- 
ostelic rhizome, which (in Lindsay a) is of a special “lindsayoid” type and clothed 
with bristles or narrow, lanceolate, castaneous scales consisting of 2-4 ro\vs of 
cells, or both kinds wdth intermediate forms intermixed; leaves not jointed to 
the rhizome, pinnately divided, rarely simple and dimorphic. — 9 genera. 

T apeinidmm (Pr.) C. Chr. Sori as in Microlepia but sometimes two fused. Fronds 
generally coriaceous, 1-3-pinnate with free veins. — Ca. 10 Malayan-Polynesian sp. 

Stenoloma Fee. {Sphenomeris Maxon). Sori single or often two fused, the inner 
indusium fixed at base only or partially connate at the sides. Fronds decompound 
of definite growth, mostly of herbaceous texture, with three veins, — 18 sp, 

Odontosoria (Pr.) Fee. Sori as in Stenoloma, Fronds decompound of ind'efinite 
growth, often spiny. — 1 1 American sp. 

Lindsaya Dryander. Sori single or more often two to many or all fused into 
coenosori, borne on a vascular commissure connecting the vein-tips, the inner in- 
dusium fixed at base only. Fronds uniform, once or twice pinnate, rarely simple, 
the pinnae trapeziform or semilunate with the lower margin intact and sterile, of 
some species cuneiform or equal-sided; veins free or sparsely reticulate. — Ca. 150 
tropical sp. — A small group of Malayan sp. [Isoloma J. Sm.) wdth equilateral, 
ovate-cordate to lanceolate pinnae were formerly included in Lindsaya, now" usually 
but unnaturally referred to Schizoloma, 

Schizoloma Gaudichaud. Sori as in Lindsaya, but fronds dimorphous wdth 
reticulate venation. — 1 Malayan sp. (S. cordatum). 

To this tribe may be referred preliminarily the followdng genera: 

Taenitis Willd. Sporangia aggregated in long, linear, exindusia te coenosori 
medial betw^een the midrib and margin or sometimes near the latter. Fronds 
simple or impari-pinnate with reticulated veins. — 3 Malayan sp. — In sori and 
habit very different from the genuine lindsayoid genera but without doubt closely 
related to Schizoloma. 

Platytaenia Kuhn, a monotypic Malayan genus, is an acrostichoid derivative of 
Taenitis wdth dimorphic fronds. 

Diellia Brackenridge, a small genus endemic in the Haw*aiian Islands, resembles 
Lindsaya in habit and sori. but more probably it is of asplenioid origin. 

Dictyoxiphium Hooker, a monotypic American genus wdth simple fronds, wdth 
marginal, continuous coenosori wdthout distinct upper indusium, venation re- 
ticulate. 

Subfamily III. DavalHoideae 

Sori and indusia essentially as in the former subfamily but never fused; stalk of 
sporangium one-rowed (alwmys?), spores without perispore. — Mostly epiphytic 
ferns wdth creeping, dictyostelic rhizome clothed wdth peltately fixed and usually 
broad scales; leaves not jointed to the rhizome, pinnately divided, rarely simple, as 
a rule deltoid, the veins free. — 7 genera. 

Davallia Smith. Sori intramarginal on the tips of the ultimate segments, the low^er 
indusium semicylindrical or cupuliform, free at the outer edge only. Fronds uniform 
or nearly so, usually compound, of rigid texture. — Ca. 36 sp. in the Old World’s 
Tropics, one (D. canariensis) extending to S. W. Europe. Related small Alalayan 
genera are: Scyphularia Fee, Parasorus v. A. v. R. and Trogostolon Co'^'BLA.'ii'D. 
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Hmnata Cavanilles. Lower indusium fixed at base only. Small ferns of rigid 
texture with simple or l--2-pinnate fronds, often dimorphous. — Ga 40 Malayan- 
Poly nesian sp., one {H. vepens) extending to Madagascar. 

Leucostegia Presl. Sori as in Humata but fronds usually decompound, uniform 
and of thin texture. — 20 Asiatic- Polynesian sp. 

Davallodes Copeland. Sori of some species as in Davallia, of others as in Lett- 
costegia, but ail with characteristic rhizome-scales which from a broad, peltate base 
are suddenly contracted into a long bristle. — 12 Malayan sp. 

The following genera are, though looking very different, now usually associated 
with the da vallioid ferns: 

Nephrolepis Schott. Sori terminal, round, in an intramarginal row, furnished 
with a reniform, lunate or peltate indusium. Rhizoma erect or scandent, paleaceous. 
Leaves uniform, simply pinnate with articulated pinnae and free veins. — Ca. 30 
tropical sp., some much cultivated. 

Arthropteris J. Smith. Sori terminal, superficial, uniserial, exindusiate or with a 
reniform indusium as in Dryopteris. Rhizome wide-creeping, paleaceous, Leaves 
simply pinnate with a joint on the stipes, the veins free. — Ca. 15 tropical sp. 

Psammiosorus C. Chr. Like Arthropteris but sori dorsal on the sparsely ana- 
stomosing veins and scattered, exindusiate. — b sp. in Madagascar. 

Subfamily IV, Oleandroideae 

Sori dorsal, superficial, round, in a wavy line usually near the midrib, with 
reniform indusia. Rhizome creeping or erect, suffrutescent, with imbricated scales, 
the leaves solitary or in distant whorls, simple with the stipes jointed as in Ar^ 
thropteris, usually uniform, the veins free. — 1 genus of doubtful but probably 
davallioid relationship : 

Oleandra CAVKm'L'L'ES. — Ca. 35 tropical sp. 

Subfamily V, Pteridoideae 

Sori marginal or intramarginal, as a rule continuous coenosori borne on a vascular 
commissure connecting the vein-ends, protected by the reflexed, membranous leaf- 
margin, and, in the two first-named genera, also with a thin inner indusium; 
stalk of sporangium three-rowed, the spores without perispore. — Terrestrial ferns 
with erect or creeping rhizome, which is as a rule solenostelic but often with perfo- 
rations, with hairs or scales; leaves uniform or subdimorphic, not jointed to the 
rhizome, pinnately (rarely digitately) divided, the veins free or anastomosing 
without free included veinlets. — 12 genera. 

I. C h a e t o p t e r i d e s. Rhizome with hairs which in the two last-named 
genera are mixed with narrow scales. 

Pteridium Gleditsch. Receptacle marginal, a lower indusium present; sporangia 
at first gradate, later mixed; veins free. — 1 cosmopolitan sp. (P. aquilinum) with 
many geographical subspecies. 

Paesia St. Hilaire. A small tropical genus of somewhat simpler structure but 
hardly different from Pteridium. 

LoncMtis L. Lower indusium absent but replaced by hairs; sporangia mixed; 
rhizome stout, hairy, veins reticulate; sori as a rule confined to the sinuses of the 
pinnae. — 8 African, 1 American sp. 

Anisosorus Trevisan. Like Lonchitis hut rhizome with narrow scales and veins 
free. -— 1 American, t African sp. 

B.istiopteris J. Smith. Rhizome creeping with hairs and scales, veins sparsely 
reticulate. Lower indusium absent, sporangia at first basipetal. — 8 sp. 

II. L e p i d o p t e rides. Rhizome with scales. Sori intramax'ginal -without 
lower indusium; sporangia mixed. 

Ptevis L, Veins Eupteris) ov ioimlng costal areoles (§ Campteria) or 

reticulate (§ Litobrqchia). --- tropical and subtropical sp. Anopteris Diels, 

A ctiniopteris Link, Ochropteris: J, SM., :Hefy0pteris Rosenstock, Schizostege Hille- 
brand and -4 /if P resl are mostly monotypic genera with the sori of 
P2Jen6', differing in morphological characters. 
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Acrostichoid genera, probably derivated i r o m t ii e 

P t e r i d o i d e a e 

Rhizome stout, erect or climbing, of a complicated dictyostelic structure, 
with scales. Leaves simply impari-pinnate. Indusium none. 

Neurocallis Fbe.. Sporangia borne partly on an intramarginal, linear receptacle, 
partly on and between the reticulated veins in the outer half of the not much 
contracted fertile pinnae. — 1 W. Indian sp. 

Acrostichum L. Sporangia spread over the surface Avithout receptacle. Rhizome 
stout, erect, leaves uniform but fertile and sterile fronds sharply separated or the 
upper pinnae only being fertile; veins densely reticulate. — 1 (or 3 to several) sp. 
(A. aureum) in brackish Avater or lakes in the tropics. 

Stenochlaena J. Smith (sensu propria). Sporangia borne partly on a medial 
linear receptacle, partly on and betAveen the branched, diplodesmic vein-ends of 
the linear, much contracted fertile pinnae. Rhizome climbing ; pinnae articulated, 
veins forming costular areoles. — 3 sp. in Malaya and Africa. 

Subfamily VI. Gymnogrammeoideae 

Sori superficial, without real indusia but often protected by pseudo-indusia. 
formed by modified margined lobes or by the continuous, reflexed, more or less 
modified leaf- margin, either confined to the distal ends of the veins and then round 
or more often confluent into a continuous or interrupted intramarginal line but 
(except in Onychium) Avithout a connecting commissure betAA'een the vein ends, or 
oblong to linear following the course of the veins, sometimes to the midrib; a 
subacrostichoid state is arrived at by some genera; sporangia mixed, mostly large 
and short-stalked, the spores (except in Cheilanthopsis) globose-tetraedral Avithout 
perispore. — Ferns of diverse habit, mostly terrestrial AAUth solenostelic (rarely 
dictyostelic) rhizome, the leaves not jointed. •— 27 genera of uncertain mutual 
relationship and probably representing more evolutionary lines, but most of them 
no doubt related to the Pieridoideae, wdth Avhich they were associated by most 
authors. They are here divided into five tribes. 

A. Cryptogrammeae. Sori borne on the apical part of the free veins, usually 
oblong, protected by the reflexed, continuous leaf-margin. Rhizome creeping or 
ascending, scaly, the leaves usually more or less dimorphous or, in Llavea, partly 
dimorphous, 2-4-pinnate. 

a. With vascular commissure connecting the vein-ends; leaves uniform or sub- 
dimorphous.: 

Onychium Kavlfvss. — 6. sp. in East-Asia. 

b. Without commissure: 

Neurosoria Mett. (1 sp. in N. Australia). Cryptogvamma R. Br. (7 sp.). 

Lagasca (1 Mexican sp.). 

B. Ceraiopterideae. Sporangia solitary on the veins, spherical, subsessile Avith 
a feAV- to many-celled, wholly or partly indurated annulus, when young protected 
by the reflexed leaf-margin. - — Aquatic ferns Avith dimorphous, pinnate, often 
viviparous leaves, the sterile floating, the fertile erect and more divided, the A’eins 
reticulate, the full-grown axis dictyostelic. 

Ceratopteris Bron cm A-RT . — ■ 2 or 4 sp. 

This isolated genus is usually placed in a family of its OAvn {Parheriaceae) but 
Bowser is probably right in regarding it as a relative of the .Cryptogrammeae 
adapted to aquatic life. 

G. Gymnogrammeae. Soil linesir, following the course of the v^eins, becoming 
reticulate in species Avith reticulate venation, sporangia scattered, large. Rhizome 
mostly erect or short-creeping. 

I. Chaetopterides. Rhizome wdth hairs only. Leaves uniform. 

Pterozonium Fee. Leaves entire, cordate or suborbicular with free veins; sori 
forming a medial band, AAuth paraphyses. ~ 4 sp. in N. South America. 

Jamesonia FIook. et Grev. Leaf simply pinnate^ of indefinite growth, AAdth small, 
roundish, often imbricated and tomentose pinnae with free veins ; paraphyses none. 
— 18 sp. in the high Andes and Central- Brazil. Hardly different from the folloAving 
genus. 
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Gymnogranime Desvaux [Psilogramme Kuhn). Leaves of definite or indefinite 
growth, 1 -pinnate-decompound, mostly of thin texture and with flexiious rachises, 
often very hairy with articulated hairs, the veins free; paraphyses none. — 60 
American sp. 

AspUniopsis Mett. Leaf closely resembling some species of Asplenhmi with 
simply pinnate leaves and unequal-sided pinnae, but the exindusiate, densely 
paraph^^sate sori and solenostelic, hairy rhizome agree better with the other genera 
of this tribe. — 1 sp. in New Caledonia. 

Syngramma J. Smith. Leaves simple, lanceolate or ovate, or pinnate, the veins 
united near the margin by a continuous, intramarginal vein or forming one or more 
series of intramarginal areoles; sori paraphysate. — 20 Malayan- Polynesian sp. 

Craspedodictyuni Copeland. Differs from Syngramma in the palmately divided 
leaves and lack of paraphyses. — 5 Malayan- Polynesian sp. 

II. Lepidopterides. Rhizome wdth scales, in some genera also with silky 
hairs. 

Coniogramme Fee. Leaves rather large, uniform, 1-2-impari-pinnate with broad, 
entire pinnae, generally of -thin texture and thinly pubescent, the veins free or 
sometimes areolate; sori linear with small paraphyses, not reaching the distinct 
terminal hydathodes. — Ca. 20, mostly East-Asiatic sp. 

Anogramma Link. Small ferns with very small and nearly naked rhizome and 
caespitose, subdimorphous, thin, subglabrous, 2~3-pinnate leaves with free veins; 
paraphyses none. — Sporophyte ephemerous (annual?) but the lobed prothallia 
perennial with tuber-like archegoniophores which eventually may propagate 
vegetatively, — 7 sp., 1 [A. leptophylla) also in Western and Southern Europe. 

Pityrogramma Link {Ceropteris Link). Leaves uniform, caespitose, l~3-pinnate, 
covered by white or yellow powder beneath, rarely sparsely hairy, the veins free; 
sori often confluent, without paraphyses. — Ca. 20 sp., mostly American, some 
much cultivated with numerous hybrids (silver- and gold-ferns), 

Tfismevia Fj^e. Like the former genus but leaves subdimorphous with simple or 
trifoliolate pinnae with subentire subdivisions. — 2 American sp. 

Gymnopteris Bernhardi. Leaves uniform, usually caespitose, l~2-pinnate, more 
or less densely covered with hairs, the veins normally free, paraphyses none. — 9 
American and Asiatic, hardly congeneric sp. 

Bommeria Fournier. Like the former genus but leaf palmately divided, broadly 
pentagonous-deltoid, the veins free or areolate. — 4 sp, in Mexico and S, W. U.S.A. 

Hemionitis L, Leaves caespitose, subdimorphous, the sterile short-stalked in 
rosette, the fertile on long stalks, cordate, entire or palmately lobed, soft-hairy with 
articulated hairs, the veins and sori regularly areolate. — 7 American, 1 Asiatic sp. 

Trachypteris Andre. Leaves dimorphous, the sterile entire, in rosette, densely 
covered with lanceolate scales beneath, the fertile on long stalk, pinnate, subacrosti- 
choid; veins areolate. Xerophytes. — 1 or 2 sp. in Galapagos and S. America, 1 in 
Madagascar. 

D, Adianteae. Sori close to the margin, the sporangia borne along and 
sometimes also between the ends of the veins on the underside of the sharply 
reflexed, membranous or coriaceous, continuous margin, or separate, oblong or 
orbicular, often in deep sinuses placed lobes, which are veined and conceal and 
protect the sori. — Terrestial ferns of elegant but very diverse habit, the rhizome 
erect or creeping, scaly, the leaves uniform, usually with ebeiious, polished stipes 
and rachises, rarely entire, generally l-S-pinnate, or pedate, sometimes hairy or 
glaucous, the ultimate pinnules either unilateral, trapeziform or cuneate-flabellate, 
often articulated, the veins free, very rarely areolate (§ Hewardia). 

Adianium L. — Ca. 200 sp., only one (A. capillus- Veneris) in W. and S. Europe. 

E. Cheilantheae. Sori borne on the distal region of the veins, sometimes 
extending rather far toward the midrib, round or more often confluent into an in- 
tramarginal line, in most genera protected by the modified, veinless, continuous 
reflexed margin or lobes of the segment, — Terrestrial, often rock-loving, xeroph- 
ytic ferns with erect or creeping, in some species dictyostelic, scaly rhizome, often 
black, polished stipes and palmately or pinnately divided, usually uniform leaves. 

The 8 genera of this tribe run confusingly together and the classification of the 
species is quite uncertain. 
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Adiantopsis Fee. Sori borne on the tips of the veins on a pnnctiforni receptacle, 
protected by modified, orbicular or oblong, reflexed lobules. Leaves herbaceous 
with black stipes, 1-4-pinnate or digitate-pinnate, nearly glabrous, the veins free. 

- — 14 sp. in America, 2 in Madagascar. 

Cheilanthes Swartz. Sori on the thickened vein-ends, generally cofluent, protected 
by the reflexed, more or less modified, usually interrupted margin. Mostly xeroph- 
ytic ferns with erect or creeping, densel}^ scaly, sometimes dictyostellc rhizome and 
1-4-pinnate leaves, often with very small, roundish ultimate pinnules, and densely 
hairy or scaly or, in the section A lenritopieris, farinose beneath with white or 
yellow powder. Veins free, Ca. 130 sp. 

N otholaena R. Brown. Differs from Cheilanthes chieiXY by lacking the modified, 
reflexed margin. — Ca. 60 sp., 1 (V. Marantae) in S. Europe. 

Sinopteris C. Chr. et Ching. Like some s-pecies of Cheilanthes § Aleuntopteris 
with white powder but sorus consisting of a single (rarely two) very large, sessile 
sporangium with a very broad complete annulus of 32 cells. — 2 Chinese sp. A 
prototype of Cheilanthes and quite unique by the monangial sori. 

Pellaea Link. Sori as in Cheilanthes but the reflexed margin continuous as in 
Pievis. Mostly coriaceous, glabrous, xerophytic ferns with fronds of diverse 
habit and division, the stipes as a rule black and polished, the hidden veins free or, 
in a few species, areolate. — Ca. 80 sp. 

Doryopteris J. Smith. Like Pellaea but leaves usually more or less dimorphous, 
simple or palmato-pinnatifid and the veins areolate. — Ca. 35 sp. 

Saffordia Maxon. Like Doryopteris is habit and venation but lamina covered 
with scales beneath and the subacrostichoid sori confluent, forming an intramar- 
ginal band without marginal pseudo-indusium. — 1 sp. in Peru. 

? Cheilanthopsis Hieronymus. A monot^^'pic Chinese genus of doubtful systema- 
tic position, connecting the sori of Adiantopsis with the habit, articulated hairs and 
bilateral spores of Woodsia. 

Subfamily VII. Vittarioideae 

Sori exindusiate, superficial or immersed coenosori; sporangia with many-celled 
annulus, their stalk single-celled at base but consisting of several cells below the 
capsule, usually mixed with club-shaped or filiform paraphyses; spores bi-or 
triplanate, without perispore. — Epiphytic ferns with creeping, protostelic (the 
first 3 genera) or dorsiventrally dictyostelic rhizome without sclerenchyma and 
clothed wdth characteristic clathrate scales. Leaves non-articulate usually close 
together, uniform, simple or rarely forked, with spicular cells in the epidermis, 
veins free or fused. Prothallia anomalous: irregularly lobed and propagating vege- 
tatively by gemmae. — 7 (8) genera. 

A very natural subfamily, apparently quite isolated but possibly developed from 
some gymnogrammeoid ancestors and specialized to epiphytic life. 

A. Veins free, rhizome protostelic. 

Hecistopteris J. Smith. Fronds very small, moss-like, cuneiform and dicliotom- 
ously cleft; sori superficial. — 1 American sp. 

Monogramma Schkuhr. Fronds simple, grass-like with a midrib without lateral 
veins. Coenosori borne on the midrib and immersed, paraphyses club-shaped. Very 
small ferns, in structure the simplest of all Polypodiaceae. — 1 sp. in the S. E. 
African Isles and 1-2 in Malaya. 

V aginularia Fee. Like Monogramma but sori borne at both sides of the midrib on 
short lateral veins, paraphyses filiform. — 6 Malayan-Polynesian sp. 

B. Venation areolate; rhizome usually dorsiventrally dictyostelic. 

ViUaria^^nn'B. Fronds entire, grasslike and sometimes 1 m long rarely oblanceo- 

late or dichotomously forked, wdth a percurrent or evanescent midrib and distant, 
oblique, undivided veins, which are connected at the end by an intramarginal vein, 
on which the usually deeply immersed coenosori are borne. — Ca. 80 tropical sp. 

Ananthocorns Underwood et Maxon. Like Vittaria but veins forming several 
rows of areoles and the intramarginal coenosori nearly superficial. — 1 American sp. 

Antrophyum Kaulfuss. Fronds usually tufted, entire, from linear to broadly 
oblanceolate with a percurrent or soon evanescent midrib and regularly reticulate 
venation with two to several rows of areoles. Coenosori superficial or immersed, 
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borne on some or all veins and often reticulate; paraphyses wanting or club-shaped 
or filiform. — Ca. 40 sp. The American sp. (ca. 10) have been segregated as a genus 
{Polytmnium Desv.), characterized by percurrent midrib and lack of paraphyses. 

.4-we^n^w SPLiTGERBER.Like Anthrophyum but subacrostichoid, the sporangia also 
borne on the mesophylL — 1 American sp. 

Subfamily VIII. Onodeoideae 

Sori superficial, dorsal on the veins, globose, borne on cylindrical or convex 
receptacles, furnished with a membranous, inferior and shell-shaped or globose 
indusium (wanting in one species) and besides protected by the firm, brown, 
incurved, continuous or interrupted leaf-margin; sporangia basipetal in origin, large 
with many-celled annulus, the spores large, bilateral, with or without perispore. — 
Terrestrial ferns with dictyostelic, paleaceous rhizome, the leaves not jointed, 
pinnate, dimorphous, the fertile ones much contracted, the stalk with two vascular 
bundles. — A small subfamily of two genera, forming a link between Cyatheaceae 
and the biechnoid ferns. 

Matte-uccia (Stmihioptevis Rhizome short with underground 

runners; leaves bipinnatifid with free veins. Sori of M. Stfuthioptevis medial and 
biserial and all those of the same group protected by a marginal lobe, of the other 
species (§ Pentavhizidium Hayata) uniserial and intramarginal, protected by the 
continuous, dark-brown leaf-margin; indusium fugacious, shell-shaped, absent in 
M. inteymedia: perispore present. — 3 sp., M. StrutMoptevis (Ostrich-fern) in the 
whole N. temperate zone, 2 in East Asia. 

Onoclea L. Rhizome creeping, the sterile leaf pinnate with copiously anastomos- 
ing veins without free included veinlets, the fertile bipinnate with globose pinnules, 
each with a single sorus wholly enveloped by the globose indusium ; no perispore. — 
1 sp. (0. sensihilis) in Eastern N. America and East Asia. 

Subfamily IX. Blechnoideae 

Sori short or long coenosori borne on commissures parallel to the midrib of the 
pinna, in a single line or, in Doodia, in 1-3 rows at each side, protected by a margi- 
nal (the incurved, modified margin) or superficial, iiitramarginal to subcostal, 
exterior and introrse. membranous indusium ; sporangia with many-celled annulus 
and three-rowed stalk, spores large, bilateral, with or without perispore. ■ — Ter- 
restrial, sometimes subarborescent ferns with erect or creeping, dictyostelic often 
stoloniferous, paleaceous rhizome, the leaves not jointed, as a rule simply pinnatifid 
to bipinnate. — 5 genera. 

Bower interpreted the indusium of Eu-Blechmmi and other genera as homologous 
with the incurved, modified margin of Lomana and subsequently he regarded all 
genera as being exindusiate. This interpretation can not be accepted; the leafy part 
of the fertile pinnae outside the sori (the “flange") is wholly of the same nature as 
the same part of the sterile ones. 

Blechnum L. Coenosori long, continuous (rarely interrupted) ; no perispore. Veins 
(of sterile pinnae) normally free. — Ca. 180 sp., only one {B . spicant) in the northern 
temperate region. ■ — Usually divided into three subgenera (or genera) : 

Lomana Willd. {Struthiopteris Scopoli). Leaves dimorphous, the fertile much 
contracted, linear, indusium marginal or intramarginal. 

Blechnum L, {Eu-Blechnum). Lenves uniform, coenosori subcostal or medial. 

Salpichlaena J, Smith. Leaves uniform or subdimorphous, twining, bipinnate, 
the veins united by an intramarginal vein. - — ^ American liana. 

Kaulfuss. Sori as in Eu- Blechnum, perispore present ; all veins 
forming costal areoles (venatio Doodiae) . Small tree-ferns with coriaceous, uniform, 
bipinnate leaves. — 7 sp. in Hawaii. 

Woodwardia SuiTU. Coenosori intexixx'pted, in a subcostal row, sunk in the me- 
sophyll, no perispore. Leaves mostly large, uniform or, in subgenus Lorinseria, 
dimorphous; venatio Doodiae or 2-4 rows of areoles. — 10 sp. in N. America and 
East Asia, one (IV. caws) in the A^^ and S. W. Europe. 

Doodia R. Brown. Like Woodwardia but sori superficial, in 1-4 rows, and 
perispore present; leaves small, — 8 sp. in Polynesia and Australia. 
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Brainea ] . Smith. Sori exindusiate, single or confluent into coenosori as in 
Woodwardia or even acrosticlioid, perispore present. — 1 East Asiatic sp. {B. insig- 
ms), a small tree of rather doubtful systematic position, apparently a link between 
the Blechnoideae and Cyatheaceae, approaching the latter in anatomical structure, 
gradate sori and complete annulus, by Hayata therefore placed in a subfamily of 
its own. 

Subfamily X. Asplenioideae 

Sori superficial, usually oblong to linear, more or less oblique to the midrib, 
borne either on one or on both sides of the fertile vein, as a rule indusiate; indusium 
membranous, either single, oval to linear, opening inwards or outwards, or double 
with the two parts placed back to back on the same vein and free or, in Aih-yrium, 
fused at the upper end ; sporangia small with thin, one-rowed stalks, spores bilateral 
with perispore (unless in Cysiopteris) . — Mostly terrestrial ferns with erect, creeping 
or climbing, paleaceous and normally dictyostelic rhizome; leaves unless in some 
species of Asplenium not jointed to the rhizome, of very diverse habit, simple to 
decompoundly pinnate, uniform, the stipes with 1-2 vascular bundles, often more 
of less paleaceous, rarely pubescent. 

A large subfamily of 8-10 genera, the systematic position of which is rather 
puzzling. The large, central genus Asplenium, one of the most distinct of fern- 
genera, seems to form a special branch with many twdgs from the stock of lepto- 
sporangiate ferns, originating from unknown ancestors and now in the state of 
rapid development. Certain of its groups show however distinct resemblance to 
other asplenioid genera, thus to Phylliiis and relatives, which approach the Blech- 
noideae and rather unnaturally were referred to that subfamily by Bower, and 
through the problematical genus Diplazium to Aihynum, which evidentl}" is related 
to Dry opteris (Eudryopteris) and Cysiopteris, which latter might be placed as well 
in the Asplenioideae (or even united with Athyrium) as in the Dryopteridoideae. These 
facts seem to prove that the subfamily must be placed between the Blechnoideae 
and Dryopteridoideae . 

A. Asplenieae. Sporangia inserted direct on the veins, usually on one side only, 
indusium single, rarely double, straight. Rhizome-scales firm, clathrate with dark 
cell-walls. 

PhylHtis Hill. {Scolopendrium Adanson). Sori geminate in opposite pairs, those 
of two neighbour veins parallel and close, at last confluent, their indusia opening 
towards each other. Leaves caespitose, simple or slightly lobed, the veins free or 
(in the American subgenera Antigramma and Schaffneria) areolate, — 8 sp., P. 
and 2 others in S. and W. Europe. 

Camptosorus Link. Sori similar but less distinctly geminate, the leaves small, 
simple, prolonged into a long rooting tail ("hvalking fern”), the veins often united 
near the midrib. — 1 sp. in N. America, 1 in N. E. Asia. 

Diplora Baker (inch Triphlebia Baker). Sori as in Phyllitis, rhizome climbing, 
leaves simple or pinnate with free veins. — 4 Malayan- Melanesian sp. 

Asplenium L. Sori and indusia oval to linear, rarely geminate or double, in the 
subgenus Loxoscaphe roundish and seated near the tip of the narrow ultimate lobe 
\vhich together with the oval indusium forms a subdavallioid sorus. Terrestrial 
(often rock-loving) or epiphytic ferns of very diverse habit and rhizome, leaves 
simple to decompound, mostly simply pinnate but in several species extremely 
variable in the same individual and often propagating vegetatively by buds on the 
rachis or veins or by the rooting prolonged apex of leaf or pinnae or by stolons, 
the veins free or (§ Thamnopteris) united along the margin or, in some small groups 
[Asplenidictyum, Holodictyum), areolate without free included veinlets. Many 
species, even of different groups, hybridize in nature. — Ca. 650 sp. 

Small e x i n d u s 1 a t e genera derivated from Asplenium are Ceterach Gar- 
sault (leaves covered with scales beneath, 3-4 sp.), Pleurosorus F^:e (3 sp.) and 
Fomin (1 sp.), both with articulated hairs. 

B. Athyrieae. Sporangia borne on receptacles with a vascular strand branched 
off from the vein. Indusia variable (see genera) . Rhizome-scales usually large and 
soft with thin cell-walls. 

Diplazium Sw. At least some of the costular sofi with double, not fused indusium. 
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the rest usually simple and straight. Mostly large, terrestrial ferns with simple to 
1-3-pinnate leaves, the veins free or in some smaller {Anisogonium Pr., 

Diplaziopsis C. Chr.) areolate. — Ca. 375 tropical sp. — A rather problematical 
genus; while some of its groups (e.g. Monomelangium Hayata) hardly may be 
separated from Asplenium the great hulk of species ought perhaps to be united 
with Athyvium as did Milde and Copeland. 

Athyrium Roth. Sori round to linear, the indusia of typical species hooked, i.e. 
double as in Diplazium, but the anterior one is at the distal end crossing the vein 
and continuous with the posterior, usually shorter one, of others hippocrepiforni 
or even reniform and indiguishable from these of Dryopteris, or simple, linear and 
straight as in Asplenium, or reduced to a small inferior scale as in Cystopieris or 
even totally absent {Covnoptevis Nakai). Terrestrial, usually erect ferns with 
flaccid, herbaceous, 1-3-pinnate leaves with free veins, without hairs but often 
rather paleaceous. — Ca. 180 sp., mostly East- Asiatic, few in the tropics. 

Cystopieris Bernhardi. Sori round with an inferior, vaulted, acuminate indu- 
sium. Veins free. — 18 sp. of different habit, most of which probably should be 
transferred to different groups of Athyrium, leaving C. fragilis (the most 
widely distributed of all ferns) and its immediate relatives in Cystopieris. Confined 
thus the genus is distinct enough but of doubtful systematic position. In most 
structural characters it agrees as well with Athyrium as with Dryopteris [Eudryo- 
pteris), differing from both in the absence of perispore, but the two bundles of the 
stipes bring it nearer to the former genus. 

Stenolepia v. A. v. R. Sori as in Cystopieris, leaves with articulated hairs. — 
1 Asiatic sp. 

Subfamily XI. Woodsioideae 

Sori superficial, dorsal near the vein-ends, round, borne on a circular receptacle 
with tracheids, indusiate; indusium surrounding the receptacle at base, either 
splitted up into narrow segments {Euwoodsia) or calyciform and at first wholly 
embracing the sorus, later on rupturing (§ Physematium) ; sporangia basipe- 
tal, few, with three-rowed stalk, spores bilateral with perispore. — Small ter- 
restrial ferns wuth paleaceous dictyostelic, erect rhizome, ■ the leaves pinnate- 
bipinnate with free veins, often chaffy or with articulated hairs, the stipes with 
two vascular bundles, never articulated to the rhizome but in Euwoodsia wdth a 
joint. — 1 genus: 

Woodsia R. Brown. — 38 sp. mostly in the northern and arctic regions. — In 
some characters of the sporophyte (basal, circular indusia, basipetal sporangia) 
and the gametophyte (prothallium with articulated hairs and two-celled antheri- 
dium cap) the genus approaches Cyathea; on the other side it is connected with the 
Dryopteridoideae hy the following geneva.. 

Genera between the Woodsioideae and Dryopteridoi- 

d e a e 

Isolated and mostly monotypic genera of remote mutual relationship, resembling 
Dryopteris in important characters (sori mixed, stalk with more vascular bundles) 
but indusia basal and circular as in Woodsia or a basal scale as in Cystopieris, 

A. Indusium cyathiform. 

Diacalpe Blume. Indusium wholly embracing the sorus as in Cyathea, coriaceous. 
Leaf 2-3-pinnate wdth free veins. — 1 Asiatic sp. 

Peranema Don. Sori stalked, wholly covered by the globose indusium which 
has a small opening at the distal side at base and finally splits into two halves, 
otherwise like Diacalpe. — 1 Asiatic sp. 

Hypoderris R. Brown. Sori as in Woodsia, scattered over the surface, either 
compital on the reticulated -veins or on free included veinlets. Rhizome creeping, 
leaves entire or pinnatifid with the habit, venation and scales of Tectaria. — 4 
American sp. 

B. Indusium a basal, inferior or lateral scale. Veins free. 

Acrophorus Blume. Indusium inferior, membranous, early falling. — 2 Asiatic sp. 

Litkostegia Ching. Indusium lateral, coriaceous, dark brown, sori terminal. Leaf 
finely dissected, habit of Leucostegia. — 1 Asiatic sp. 
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Subfamily XII. Dryopteridoideae 

Sori superficial, dorsal or sometimes terminal on the veins, round, rarely oblong 
to linear, indusiate or not, in some derived genera acrostichoid ; indusium in 
origin basal and inferior but soon fixed centrally on the more or less elevated 
receptacle, either with a sinus at the proximal side and thus becoming reniform, or 
fully entire and then orbicular and peltate. Sporangia mixed, with three-rowed 
stalks, spores bilateral with perispore, — Mostly terrestrial ferns with erect ox- 
creeping dictyostelic, paleaceous rhizome; leaves not jointed to the rhizome, of 
very diverse habit, venation and pubescence, uniform except in the acrostichoid 
genera. 

A lai-ge subfamily of about 25 genera with ca. 1500 species, representing at least 
two phyletic lines which have arrived at or perhaps preserved the same soral 
condition but as to anatomical structure and dermal appendages have followed 
different lines, some of which have proceeded to an acrostichoid state. While the 
first tribe (Dryopterideae) shows a pronounced resemblance as well as to the 
ioideae through the isolated genera named above and farther to Cyaiheaceae, as to 
Cystopteris and Atliyrium, the second {Thelypterideae) seems to be without near 
relatives outside the subfamily, AHhvoptevis only to be considered. The majority 
of species were recently placed in one vast genus [Dryopteris), which is divided 
belov; into several genera. 

A. Dryopterideae. Rhizome and leaves paleaceous wdth often very numerous 
large and broad to hairlike scales, the ribs very rarely with simple, grey hairs. 
Leaf-stalk with 4-7 or more vascular bundles. Veins free or variously united (vena- 
tio Goniophlebii, Pleocnemiae, Sageniae, Drynariae), the free ones ending in 
hydathodes within the margin. Sporangia never setose. 

Dryopteris Adanson (sensu ■^lo^iioL.-Eudryopteris auctt.). Sori generally large 
with large reniform indusia. Rhizome usually oblique or erect and densely pale- 
aceous with broad, soft and often fimbriate scales. Leaves tufted, lanceolate and 
bipinnatifid (rarely simply pinnate: Pycnopteris) or deltoid, 2-3-pinnate and 
catadromous, never viviparous by buds on rachis, mostly of thick, somewhat 
fleshy texture and light-green colour, without intestiniform hairs. Veins free, as a 
rule forked, the midribs decurrent. — Ca. 150 sp., most in the N. temperate region 
(e. g. the type-species D. Filix-mas), many in East Asia and ikfrica, few in 
tropical Asia and America. 

This genus runs gx'adually into Polystichum. One of the intermediate groups is 
PolysticJiopsis [Riimohra CniNGpart.) with decompound, anadromous (polysticlioid) 
leaves, some species with reniform, some with peltate indusia. Probably derivated 
from Dryopteris are the small American genus Plecosoms Fee with exindusiate sori 
partly covered by the reflexed leaf-margin and Papuaptevis C. Chr. (New Guinea) 
with the habit of J amesonia. More dubious is Hypodematium Kunze (Africa- Asia). 

Polystichum Roth. Essentially like Dryopteris but indusia orbicular, peltate, 
the leaves usually coriaceous and often viviparous with distinctly unequal-sided 
anadromous pinnae and pinnules and aristate marginal teeth. — Ca. 225 sp. 

Polystichoid derivatives: Adenodevris J. Sm., Cyclopeltis ]. S'si. 
(veins free),. Cyrtomium Pr. (veins goniophlebioid) , Phanevophlebia Pr. (veins 
free or subgoniophlebioid), all small genera with peltate indusia and simply 
pinnate, broad pinnae. Cyclodium Pr. is similar but rhizome creeping and venation 
meniscioid. It leads directly to two other small American genera with dimorphous 
fronds and acrostichoid fructification: Olfersia Raddi (veins free) and 
Soromanes Fee (veins united). More resembling Polystichopsis with similar 
decompound but dimorphous leaves and creeping or climbing rhizome are Maxonia 
C. Chr. with apparently peltate indusia and the fully acrostichoid American genus 
Polyhotvya H. B. K, (sensu propida). 24 sp. 

Didymochlaena Desvaux. Like Dryopteris in general structure and scales but 
sori terminal, oblong wdth the indusium attached longitudinally. Leaves bipinnate 
with trapeziform, articulated pinnules very like those of Lindsaya. — 1 polymorph- 
ous sp. 

Stigmaiopteris C. Chr. {Dryopteris part, auctt.). Sori exindusiate, often oblong. 
Leaves uniform, mostly of thin texture with pellucid internal glands, rachis often 
qroad- winged, veins free or irregularly united. — 20 American sp. — Approaching 
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Teciaria m habit and through some species with peltate indnsia (Peltoohlaena 

Fee) related to the polystichoid ^ small with small, reniform 

Ctemtis C. Chr. {Cryopfens part. ^ of mostly narrow, soft 

indusia or exindusxate. tg.oblong and bipinnatifid or deltoid and 

scales. Leaves uniform, division more or less paleaceous and 

bipinnate-decompound with cata intestiniform (constricted between 

cost* invariably ™®ty-tomentose abo e ^h intesL^^^^ Recurrent. - Ca. 150 

the cells) hairs; veins free, simp Tectavia Intermediate small genera are 

tropical sp. This genus runs g^^^^ually into f,ee ^nd indusia 

the West-Indian Camptodium F ^ • p„ fhabit of the bipinnatifid species of 
reniform) and the Malayan _ A c"r o s t i- 

c h of d d"e rT.Tu V e / with dimorphous fronds ; ^ Maxon et C. Chr. 

(3 W. Ind. sp.) ^ndPsomiocarpa Presl^ ( bori of ^^1, punctiform, in distinct 
Tectaria Cavanicles (/4 spidiMw au _ seated where the veins meet (compital) 

rows or irregularly scattered and Euteotaria) . reniform 

or termmal on f ^ycypteris). Rhizome erect or creeping, with 

(I Sagema) or wanting with lanceolate dark, thick scales. Leaves uniform 

the stipe-bases usually clothed ^^^th lanceo , palmately lobed, or 

or nearly so, simple, lanceolate herbaceous and with the pubescence 

l-3.pinnate and then generally rachis often winged 

of Ctenitis, rarely . Veinfanastoniosing either forming costal areoles 

and black, sometimes gemmiferous. Ve ns anastomosin^e * included 

only {Pleoonemia) or more or less irregularly reticulate with OT wi 

veinlets (venatio Sageniae or groups of not very close mutual 

A composite genu^s including , ydned dryopteroid genera. The 

I)fc.,«»,MooO. 'J'fjf'S.i*.. moor. »itl .tMM m.rglnM 

^TTiiSSf»f&rihtome°an'd 

“n.S GoMo.S^S)^.•oHn^ the m.rgin. So.l mo.Hy .«aU »uod, ,.,.1, 
elongated with reniform indusia or exindusiate; sporangia often setose. ^ _ 

Thelypteris Schmidel (Lastrea Bory, Dvyoptens part. ^ lam " 

Se red or yellow, globose glands; pneumatophores often present at the base 

:i s: sr or.:xrRS”f^”cin« 

eg the tvpe-species T.palustyis (Dyyoptens Thelyptens) and the type o 
genus PUgoptens (B, Phegopteris). The other northern species of Phegoptem 

\d. Linnamna i,nd D. RobeHiana) ixia-y properly be ®XmerRan 

small genus Gymnocarpium Newman. Other distinct groups are the American 
PR. Wit£ pneumatophores at base of the segmen s and 

numerous veins and SUiropteris C. Chr.. approaching Cyclosorus and , 

bf>lnw the sinuses More doubtful are ParapolysHchum Keyss. with decompoun 

fetersffLSgtrse of the compound species of 

and often with cylindrical glandular hairs beneath and PUndrys C. Chr. et Ching 

^^^^Monalhosovum Kunze and Monachosorella Hayata, two small East-Asiatic 
genera with exindusiate sori, may be regarded as offshoots of Thelyptens. 
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Cyt'/osofMS Link (Dryopteris part, auctt.). Like Thelypteris in sori and pube- 
scence (rarely glandular) but venation different. Veins simple and free, the basal 
ones running to the bottom of the sinus or more often united into an excurrent 
vein or two to several being united in pairs (venation goniopteroid or meniscioid). 
Leaves generally less cut, at best bipinnatifid, sometimes gemmiferous. Sori 
sometimes seated near the ends of the fused veins and confluent with their neigh- 
bours, thus forming lunate, exindusiate sori (Asiatic species of the old genus Menis- 
cium), sometimes linear and exindusiate {Leptogramma, ]. Su., Stegnogramma 
Blume). The indusium of some s-pecies {Sphaerostephanos J. Sm. = Mesochlaena 
R. 'Br.) resembles thut of Didymochlaena. Several Malayan species show a ten- 
denc^r to dimorphism and acrostichoid condition. — Ca. 200 tropical sp. 

Goniopteris Presl. [Dryopteris part, auctt.). Essentially litie Cy cl osorus in sori 
and venation but rhizome-scales and as a rule also rachis and costae with branched 
(stellate) hairs. Leaves dark green, simple to bipinnatifid, often gemmiferous. 70 
American sp. 

The American species of Meniscium Schreber, agreeing with the Asiatic ones in 
sori, are evidently closely related to Goniopteris, differing chiefly by the lack of 
stellate hairs. 

Acrostichoid geneia of probably dryopteroid origin 

The following genera agree all in having dimorphous leaves and con- 
tracted fertile, acrostichoid fronds. While the two first-named by most writers 
are regarded as offshoots of the Dvyopteridoideae the others are usually believed 
to be 6.erivRtives oi the Blechnoideae or Asplenioideae. Holttum has however 
showm that all are alike in anatomical structure, which corresponds closely to 
that of most dryopteroid ferns, and it is therefore unnatural to refer them 
to different subfamilies and better to place them in an appendix to the 
Dryopteridoideae. — Spores with perispore unless in Lomagramma. 

Egenolfia Schott (Polyboirya sp. auctt.). Rhizome short-creeping with tufted, 
pinnate, often proliferous leaves, pinnae not articulated, veins free. — 9. Asiatic sp. 

Bolhitis Schott [LeptocMlus sp. auctt.). Very like Egenolfia but veins variously 
anastomosing, from simply pleocnemioid to densely reticulate wdth or without free 
included veinlets. Leaves mostly pinnate-bipinnatifid, rarely simple and then 
hardty distinguishable frorn LeptocMlus, of some American species [Anapausia 
Presl) of pronounced tectarioid habit. — Ca. 80 sp. 

Lomariopsis Fi:E [Stenochlaena sp. auctt.). Rhizome climbing, flattened with 
large scales. Leaves simply pinnate with the pinnae (the terminal one excepted) 
articulate and free veins. — Ca. 20 sp. 

Thysanosoria Gepp is a peculiar derivative of Lomariopsis with retained in- 
dividual round sori seated on the vein-ends. — 1 Papuan sp. 

Teratophyllum Mettenius [Stenochlaena sp. auctt,). Rhizome climbing, cy- 
lindrical with small scales and often spiny. Leaves trimorphous : besides the normal 
sterile and fertile fronds (‘'acrophylls’*) resembling those of Lomariopsis the younger 
parts of the rhizome produce short-stalked, as a rule finely dissected “bathyphyils” 
(Holttum). — 8 Malayan sp. 

Lomagramma J. Smith. Like Lomariopsis but veins areolate without free 
included veinlets; bathyphylls and acrophylls. Spores without perispore. — Ca. 15 
Malayan-Polynesian sp. 

Subfamily XIII. Dipteridoideae 

Sporangia few together in punctiform, superficial, exindusiate pleosori 
without elevated receptacle, mixed with paraphyses, in origin transitional between 
the simple and mixed sori, provided with a vertical, nearly complete annulus wdthout 
well defined stomium. Spores tetraedral without perispore. — Terrestrial ferns 
wdth solenostelic, creeping rhizome clothed with brown bristles. Leaves solitary, 
not jointed to the rhizome, dichotomously forked with dichotomously branched 
principal veins and finer reticulate venation (venatio Anaxeti). — 1 genus. 

Dipteris Reinwardt. — 8 Malayan-Polynesian sp., forming thickets. An isolated 
genus, showing several primitive characters and some affinity to Matonia. Bower 
made it a family of its own but it is no doubt also related to the so-called dipteroid 
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ferns placed in the following subfamily {Cheiropleuvia etc.). It is therefore preferable 
to place it here as an archaic gron-p, perhaps resembling one of those from which 
the recent Polypodioideae originate. 

Subfamily XIV. PoIypodioMeae 

Sporangia borne on the under side of the lamina, superficial or immersed, in 
some smaller genera covering the ’whole surface (a c r o s t i c h o i d) but usually 
forming definite sori, which always are exindusiate and as a rule globose 
or oblong (p o 1 y p o d i o i d) and then borne either terminally or subterminally 
on free veins, or compital on anastomosing veins (p 1 e o s o r i) or on a plexus 
of veins (d i c t y o s o r i), or fused into c o e n o s o r i which are either g y m n o- 
grammeoid (parallel to the “main-veins”) or d r y m o g 1 o s s o i d (parallel 
to the midrib). — Spores without perispore, mostly bilateral. Leaves generally 
jointed to the rhizome (exceptions: Loxogr ammo and some small free-veined 
species), of varied habit, structure and venation, this sometimes d i p 1 o d e s m i c 
i.e. a secondary vascular system penetrates the receptacles below and parallel to 
the normal veins. 

A large subfamily of over 1200 species, all but 4-5 tropical and subtropical and 
mostly of small or medium size, often epiphytic. 

The older pteridologists referred the great majority of these species to one genus, 
Polypodium, while others and most modern writers divide them into a consider- 
able number of genera, but a final natural classification has yet not been arrived at, 
partly because several of the defined genera run together, and partly because more 
no doubt important characters found in the anatomical structure of the vegetative 
and spore-producing organs of some few species cannot be used now as characters 
of genera including scores of species, most of which are not examined in this 
respect, and we are therefore compelled at the present to base the genera chiefly on 
external morphological characters. It is evident that the subfamily includes ferns 
which at best are very remotely related and derivated from ancestors of not very 
close relationship. The first four genera named below are thus doubtless archaic 
ferns related as well to Matonia nnd Dipteris as to other genera of this subfamily 
(Phymaiodes and others) which may be regarded as derivated from similar ancestors 
and now being in the state of rapid development. Other genera, especially Ctenoptens, 
are, on the other side, apparently of recent origin without close relatives among other 
ferns of earlier times or the present epoch. The number of exiisting genera depends 
largely on the individual ideas of systematic treatment ; it may be small (about 1 0) or 
large (60-60). In the following only the better defined genera are briefly charac- 
terized. The small genera of doubtful value with gymnogrammeoid,drymoglossoid or 
acrostichoid species are barely named under the genera with polypodioid sori, 
to which they are intimately related. 

I. Chaetopterides, Rhizome covered with hairs or bristles. Principal 
veins dichotomously branched, the smaller ones densely reticulate (venatio 
Anaxeti) ; diplodesmic. Fronds dimorphous, no definite sori, paraphyses filiform. 

Cheiropleuria Presl. Rhizome protostelic. Fronds glabrous, simple or the 
sterile forked, the fertile linear, acrostichoid. — 1 Asiatic sp.. 

Plaiycerium Desvaux. Rhizome with a simple dictyostele. Fronds clothed with 
stellate hairs, of two kinds: humus-collecting nest-leaves appressed to the tree- 
trunk and erect or pendent sporophylls which are usually once to several times 
forked and bear the sporangia either in thick patches on the underside or on a 
specialized segment. — 10 sp,, most Malayan. 

A connecting link between this and the following series is Christiopteris Cope- 
land. The dictyostelic rhizome is clothed with scales, which from a flat, 
peltate base are drawn out into long bristles. Fronds dimorphous, palmate or ter- 
quinate, the fertile acrostichoid; paraphyses branched hairs. 3-4 isolated sp. 

II. Lepidopterides. Rhizome of different .structure, clothed with 
scales, rarely naked, the scales of many kinds prohibiting good systematic 
characters of species or groups of related species. Principal veins pinnate (except in 
Neocheiropteris). 

A. Pleopeltideae. Venation variously reticulate (venatio Anaxeti, Marginariae 
and Phlebodii), often diplodesmic. Sori polypodioid, as arulepleosori or dictyosori, 
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rarely borne on free veinlets, or long coenosori, sometimes acrostichoid. With few 
exceptions ferns of the Old World. 

a. Sporangia mixed with and when young covered with peltate scales. Hairs 
none. 

Neocheivopteris Christ. Fronds uniform, pedately lobed; sori close to the 
principal ribs, pleosori or short coenosori. — 2 sp. in Yunnan ''and Tibet, related to 
Christiopteris. 

Hymenolepis Kaulfuss. Fronds partially dimorphous, entire, the apical portion 
of the fertile ones much contracted, spike-like, with two long coenosori and finally 
covered with sporangia, diplodesmic. — 1 sp. in Africa [H. spicata) and about 
10 in Malaya-Polynesia. 

Lepisoriis J. Smith. Fronds generally uniform, entire with the polypodioid, 
sometimes confluent sori in a single row at either side of the midrib. Scales of 
rhizome and lamina (mostly few and near the midrib) often clathrate as are those 
of the sori. — Ca. 25 Asiatic (mostly Chinese) and African sp. 

Drymoglossoid derivatives : Lemmaphyllum Presl, fronds dimorphous 
and Drymotaenium Makino, fronds uniform. 

Pleopeliis Humb. et Bonpl. Fronds uniform, entire or rarely pinnatifid, clothed 
beneath with peltate, orbicular or lanceolate, appressed, usually fimbriate, non- 
clathrate scales; sori uniserial, polypodioid, rarely confluent (P. astrolepis). — A 
small American genus with one sp. (P. lanceolata) also in Africa and India. 

Drymoglossoid derivative: Marginariopsis C. Chr. 1 sp. in Andes. 

b. Sporangia mixed with hairs or paraphyses none. 

1. No specialized humus-collecting “scale-leaves". 

X. Fronds hairless or rarely with simple hairs. 

Paltoniuni P'R^S'L. An American, monotypic genus of doubtful relationship, 
closely resembling Hymenolepis in general habit but without scales in the long, 
intramarginal coenosori, which are confined to the somewhat contracted distal 
portion of the lamina. The uniform fronds quite glabrous and naked. 

Loxogramme Presl. Fronds uniform or more or less dimorphous, usually close 
together and not articulated to the rhizome, entire, generally 
of thick, fleshy texture with hidden veins, without distinct main- veins; sori long, 
oblique, gymnogrammeoid coenosori. — About 35, mostly Asiatic sp. — A distinct 
genus of very doubtful relationship, perhaps related to Grammitis, but in vegetative 
characters not VinlikQ Hymenolepis di.nd Paltonium. 

Phymatodes pR'ES’L. Fronds simple or pinnatifid, rarely pinnate, uniform or more 
or less dimorphous, generally of coriaceous texture with hidden venation but as a 
rule with prominent main-veins, naked and glabrous. In the smaller species the 
polypodioid (rarely confluent) pleosori are uniserial at either side of the midrib 
and the venation less complicated, in the larger the often immersed pleosori or 
dictyosori are placed in one or two regular rows between the main- veins and the 
venatiqn densely reticulate (venatio Anaxeti) and often diplodesmic. — A chiefly 
Asiatic- Polynesian genus of about lOOsp. of very different size and habit, epiphytic. 
It includes several distinct smaller groups, e.g. the American Anaxetum Schott. 

Derived from Phymatodes: 

Sellignea Bory. Sori gymnogrammoid, fronds uniform. 

Pycnoloma C. Chr. and Grammatopteridium v. A. v. R. Sori drymoglossoid, 
'^fronds decidedly dimorphous with linear fertile sporophylls. 

A small group of Malayan species {Myrmecophila) is of special biological interest. 
The fronds and sori are like those of Phymatodes but the rhizome is inflated 
and hollow, inhabited by ants, and covered with peculiar, imbricated, peltate 
scales. The group leads directly to the following genus. 

Lecanopteris Blume, Rhizome like that of Myrmecophila but very soon quite 
naked. Fronds pinnatifid with the sori immersed in twisted or reflexed marginal 
outgrowths from the pinnae, — A few Malayan, sp, 

Anapeltis J. Smith. Not very different from Phymatodes, but the uniform, entire 
fronds usually of thin texture and the venation simpler (venatio Marginariae) . 
Sori in a row at either side of the midrib, rarely subgymnogrammeoid {Micro-’ 
gramma). — About a dozen American sp., one { {A. lycopodioides) also in Africa. 

Microsorium- Link. Fronds simple or rarely pinnatifid, uniform, usually of thin 
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vefns''sori'puS“m'oft^^^ irregularly scattered. 

About 40 Asiatic sp. 

decidedly dl«o,phc», «. <•««« 

acrostiohoid or dr y m ° ° ® small Papuan genus Dendroconche 

A specialized group ot biological interest tree-trunk; 

COPELAND. Fronds orbicular 

becoming fertile they shoot out from ^ chieily by impari-pinnate leaves 

Arthromeris J. Smith, " cf East A^sia (Himalaya-For- 

with the pinnae articulated to the rachis. ^ Ca. l U sp. in r. 

mosa). n AmArira-n ^enus of doubtful systematic position 

PhlebodiumR. BROW'i^. A small Arne ^ venatio Phlebodii and pleosori. 

but probably a derivative of some isolated, 

As an appendix to the above series which very well might 

systematically very “t®”®^’'?Lermedrate between Phymaiodes and Drynaria. They 

constitute monotypic genera, interme ninnate frPnds with venatio Anaxeti 

are all coriaceous ferns with P^rratifid or^pmnate ironas subsessile 

and creeping, usually fleshy rhizome. . , • v-gp^LAND ( Polypodium heracleum) 

withbroa'd.humus.collectmgbase,:^^^^^^^ 

with very small, scattered, ^A+wpen the main-veins. In others the 

coronans) with unisenal, “ pinnae only fertile and much contracted, 

fronds are partially dimorphous, th pp^^^PJ^^ characters: Aglaomorpha 

and with humus-collecting has , ^ r>v'\w<;tachvum ^ Smith confluent coenosori, 

SCHOTT has ^ound, distinct pleoson Pryor W Merinthosorus 

which form dense square patches I'®*';®®" W 3 ide of the midrib of the 

-rsrsLM 

ordiniorphous -Ca. 100sp. in the Old Worid^^ decidedly 

dimorp\r^i°Somefetsp.rM^^^^^^ 

Fronds uniform. — 1 Sp. m China. 

z Specialmed scale-leaves^^^^^^^^^ brown, ehartaceous, sessile, slightly lobed. 
Drynana BpRY'/rond® ®f two pinnatifid or pinnate, spore- 

humus-collecting scale-leaves , ana ®yj^® - ® _ ^ , pleosori. — Ca. 20 sp. 

producing fronds with venatio Anaxeti (or Drynariae) ana pieosori. 

uniserial or less “ ^--S rows each tropical and 

.pii a io„ compuoated vnatlo. «. E.""* 

Phymatodes . T ’i Differs from Polypodium in the fronds 

be^gToXa foX vmns ^ee or^gonmp«. 

Scales of the rhizome usually with a black, central stripe. 

Ctee^ly related to^Pfoo^«2«M^^_^ati,ye. Eschatogyamme Trev. — 4 American sp. 
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Craspedayia hmK {Lopholepis J. Smith). Rhizome wide-creeping, slender. 
Fronds usually dimorphous and thinly clothed with thin, lanceolate scales, the 
veins goniophlebioid. Sori uniserial, the sporangia mixed with hair-like scales. — A 
few American sp. (C. vaccinii folia, C. piloselloides, etc.), presumably related to 
Anapeltis. 

Campy! on c-iirum Presl. Rhizome short-or long- creeping. Fronds uniform, of 
thick te.xture, simple or pinnate, with venatio Cyrtophlebii. Sori polypoclioid, 
superficial and terminal, mostly in 2-4 ro\ys at each side of the midrib. ~ Ca. 25 
sp. in tropical America. 

Ctenopteris Blume. Under this name may be united the numerous small tropical 
epiphytes hitherto referred to Polypodmm subgenus Eupolypodium but all 
very far from P. vulgave. Rhizome as a rule short and small with casspitose 
leaves, which not always are articulated, sometimes creeping or even trailing. 
Fronds pinnately divided (from lobed to tripinnate), rarely simple, often hairy, the 
veins free, forked or pinnate, -with terminal sori. — About 200 sp. 

Taken in this broad sense the genus is an aggregate of several, more or less 
distinct natural groups or genera, e.g. Calymmodon Presl and Acrosorus Cop'E- 
LAND. A group of Malayan- Polynesian species {Cryptosorus Fee) with the sori 
deeply immersed in cavities in the thick lamina and with ciliate scales leads directly 
to the following genus and should perhaps be united with it. 

Pfosaptia Presl. Sori apparently davallioid, in deep cavities opening toward the 
margin, — Ca. 10 sp. in Asia- Polynesia. 

Enterosora Baker. A peculiar, monotypic American genus with subentire leaves 
and the sublinear sori deeply imbedded in the tissue, 

Grammitis Swartz. Fronds simple, at best lobed, linear, usually small and 
csespitose, the sori oblong when young, often immersed. — A rather artificial genus 
of ca. 100 sp., not easily separated from 

Derived genera with coenosori: 

Cochlidium Kaxjlfuss. Coenosori close to the midrib, superficial or sunk in a 
single central groove. — 10 American sp. 

Scleroglossum v. A. v. R. Coenosori in two parallel, oblique, often marginal 
grooves, about as in Vittaria. A few Malayan- Polynesian sp. 

Nemaiopteris Y. A. v. R. Like the former but leaves rush-like with an widened 
apical fertile portion. - — 2 Malayan sp. 

Subfamily XV. Elaphoglossoideae 

Rhizome suberect or creeping, usually densely paleaceous. Leaves uniform or 
more often more or less dimorphous, with few exceptions simple and articulated to 
phyllopodia and with free veins, fertile fronds acrostichoid ; spores bilateral. — 
4 genera. 

Apparently a natural subfamily but of doubtful systematic position and perhaps 
polyphyletic. It seems to have reached a more advanced evolutionary condition 
than most other subfamilies. 

A. All fronds simple, articulated upon phyllopodia. 

Elaphoglossum Schott. All fronds simple, often very chaffy, the scales of 
rhizome and lamina very varied and of high systematic value. Veins free and forked 
or casually anastomosing or sometimes joined at the end by a submarginal vein. — 
Ca, 350 sp. in tropical America, ca. 60 in the old World, where Madagascar is 
especially rich in endemic sp. 

Derivated genus: Hymenodium Fee. Veins regularly reticulate without 
free included veinlets. — 1 American sp. {H. cnnitum). 

B. Sterile fronds dissected, continuous with the rhizome. 

Micvostaphyla Presl. Sterile fronds pinnately divided wdth forked pinnae. — 
2 sp. in Andes, 1 in St. Helena. 

Rhipidopteris Schott. Sterile fronds flabellately divided, the fertile entire, 
suborbicular. — 4 American sp. 
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Orderly. Salviiilales 

Sporangia basipetal in globose, indusiate sori, some of which consisting of 
microsporangia with numerous microspores, some of megasporangia with one large 
megaspore, both kinds without annulus. Prothallia much reduced. — Aquatic, 
floating plants with a horizontal, branched stem with a single vascular bundle, the 
leaves not circinnate in bud. 

The phylogeny of the two families is obscure. In spite of a certain resemblance 
to Hynmiophyllaceae and Cyatheaceae in indusial characters they have hardly 
anything in common with these families, and they are abundantly different, 
structurally and genetically,, from the similarly heterosporous MarsiUaceae, \yit\\ 
which they usually but unnaturally are united into the order Hy dr optevides. The 
two genera are further usually placed in one family, but in view of the great differ- 
ence between them such a treatment seems to be unnatural. 

Family 1. Salviniaceae 

Characters of the only genus : 

Salvinia Guettard. The hairy stem bears no roots but only leaves in alternating 
whorls of 3, 2 of which are green, floating, entire and usually cordate with a midrib 
and anastomosing veins, the upper side papillose or grey-hairy or with stalked, 
branched, hyaline hairs, the under side often densely matted with brown hairs, the 
third leaf a submersed '"water- leaf', divided into numerous root-like filaments 
which draw nourishment from the water. Sori borne on the water-leaves, either 
both kinds clustered near the leaf-base or in opposite pairs along the fertile fila- 
ments (pinn®), the smaller ones with megasporangia in few, distant pairs in the 
basal part and beyond them several close pairs with microsporangia, all surround- 
ed by a globose, thin indusium fixed at the base of the cylindrical receptacle. 
Microsporangia numerous, long-stalked, imbedded in a periplasmodium originating 
from the tapetum, each containing 64 microspores. Megasporangia few, short- 
stalked, with 8 spore-mothercells but producing only one large megaspore with 
perispore. — Game top b y t e. The microspores germinate in the sporangium, 
penetrate its wall and form a prothallium chiefly consisting of tw'o small antheridia, 
a lower with 4 and an upper wdth 2 sperm-cells. The germinating megaspore forms 
a disc-shaped prothallium with few archegonia with a short neck. The embryo 
produces no root but only a three-lobed leaf; the next two leaves are alternating, 
the following in whorls. — 10 sp. 

Family 2. Azollaceae 

Characters of the only genus. 

Azolla Lamarck, Stem bearing roots and leaves. Leaves in two alternating rows, 
divided into two lobes, an upper with assimilating tissue and stomata and below 
with a hollow filled with mucilage in which threads of an Anabaena are always 
to be found, and a lower, thin, submersed one. Sori borne on cylindrical receptacles 
on the submersed lobe, wholly surrounded by the indusium, placed in pairs of one 
large globose microsporangium- sorus with numerous, long-stalked microsporangia 
and one acorn-shaped sorus with one large megasporangium. The 64 microspores 
are imbedded in roundish bodies, "massulae"’, formed by the tapetum and furnished 
with anchor-shaped "glochidia” on the surface. The only megaspore is furnished 
with a thick, warted epispore originating from a part of the periplasmodium, the 
rest of which forms 3 massulse serving as a floating apparatus. — Gameto- 
p h y t e: The microspores germinate within the free, floating massulas, which are 
easily fixed to the warted megaspore by aid of the glochidia and produces a pro- 
thallium like a outgrowth from the surface of the massula, consisting of 8 mother 
cells for the spermatozoids and a few other cells. The megaspore produces a small 
green pothallium with one archegonium or, if this not being fertilized, eventually 
more. — 6 sp. 
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FOSSILE FILICINAE 
von 

Max Hirmer (Miinchen) 

Filicales der friiheren Erdepochen sind sowohl in struktiirbietenden als 
in im Abdruck und inkohlt erhaitenen Resten in betrachtlicher Zahl und 
niclit selten in ausgezeichneter Erhaltung auf uns gekommen. Wahrend 
Vorlaufer bereits aus dem Oberen Mitteldevon bekannt sind, sind die er- 
sten systematisch sicheren Filicales vom Oberde von ab bekannt. Es un- 
terliegt keinem Zweifel, dass die Filicales Eusporangiatae im Palaozoikum 
weitaus die herrschenden unter den damals lebenden Farnen gewesen 
sind, und dass die Filicales Leptosp or angi atae im Palaozoikum, und da 
selbst auch nur erst in dessen jiingsten Phasen, noch in untergeordnetem 
Masse vertreten gewesen sind. Was dieser Art an Farnen im Palaozoikum 
bereits vorhanden war, kann grosstenteils nur als Vorlaufer unserer heute 
lebenden leptosporangiaten Farn-Familien angesprochen werden, Dagegen 
sind im Mesozoikum, vor allem von der Ober-Trias und dem Unteren Jura 
ab nahezu samtliche derzeit lebenden Familien der leptosporangiaten 
Fame schon in markanten und eindeutigen Vertretern entwickelt, wobei 
ein Teil dieser Familien, insbesondere die Matoniaceae und Dipteridaceae 
— gemessen an ihren heutigen kleinen Arealraumen und der heute kleinen 
Zahl ihrer Arten — in nahe zu erdweiter Verbreitung und iiberdies in be- 
trachtlicher Gattungs- und Artenfiille entwickelt waren. Daneben ist her- 
vorzuheben, dass bis zur Kreidezeit Schizaeaceae und Gleicheniaceae ein 
gleichfalls wesentlich weiter gespanntes, bis in die heutigen Polargegenden 
hineinreichendes Areal umfassten, wenn auch ihr Vorhandensein zwei- 
fellos wesentlich weniger das Florenbild bestimmte als dies fur die oben 
erwahnten Matoniaceen und Dipteridaceen gilt. 

Vom Oberdevon und besonders vom Unterkarbon ab miissen tonange- 
bend die Coenopteridineae gewesen sein, neben einer Anzahl vonFormen,die 
wir heut innerhalb der Filicales nur als Inceriae sedis (da eben Gruppen 
eigener Art und mit den familien-massig festgelegten Filicales noch nicht 
vergleichbar) betrachten miissen. Erst vom jungeren Karbon ab nehmen 
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dann Formen betrachtlich an Zahl zu, die unseren jetzt lebenden M^^m^ 
tiaceae zwdiellos mehr minder nahe stehen. Ophioglossineae sind erst seit 
dem Alt-Tertiar, und auch da nur sparlichst nachgewiesen. 

Einzelheiten der z e i 1 1 i c h e n u n d g e o g r a p h i s c h e n Ver- 
breitiing der einzelnen Gruppen finden sicli in dem Abschnitt Ge- 
ograpliie und Zeitliche Verbreitung der Fossilen Pteridophyten, Seite 
480-486. Hier seien im Folgenden iedigiich die s y s t e m a t i s c li und 
ni 0 r p li o 1 0 g i s c h w i c h t i g e n T a t s a c h e n zusammen ge- 
stellt, wahrend bezuglieh des Umfanges, d.h. dessen, was die einzelnen 
Gruppen oder Familien an Gattungen enthalten, abermals auf den oben 
genannten Abschnitt des V erf, in diesem Handbuch verwiesen sei. 

A : Fiiices Eusporangiatae : 

1) Aneurophytineae : Diese offenbar heterospore (zunachst als Samen-bildendend 
betrachtete) Gruppe umfasst die baumfdrmigen Aneurophyton und Eospermatopte^ 
ns. Morpliologisch-systematisch liegt ihre Bedeutimg darin, dass ihre Wedel noch 
im Wesentlichen nur spindelig gestaltet sind und noch der laubigen Fiederbildung 
entbehren b- Sodann darin, dass sie, obwohl alteste derzeit bekannte Filicales- 
ahnliche Typen, zweifellos zum mindesten schon heterospor sind und so als direkte 
Vorldufer der Pteridospermales zu hetisichten sind. 

2) Coenopteridineae : Die interessantesten der hieher gehorigen Formen sind 

die der Stauropteridaceae und der Etapteridaceae ; beide dadurch auffallig und 
von alien tibrigen Farnen abweichend, dass die Verzweigung ihrer ubidgens meist 
erst spindeligen und der laubigen Fiedernbildung entbehrenden Wedel nicht in 
einer einzigen Flache entwickelt sind. Dies riihrt daher, dass h^i den Etapteridaceae 
die Spindein der Seitenfiedern 1. Ordnung an ihrer Basis quer zur Ebene der Ge- 
samtwed el verzweigung gabelig geteilt sind, und das sich bei Stauropteris dieser 
Modus der Spindelgestaltung auch bei den Wedelfiedern 2., 3., und 4. Grades wie- 
derholt, mit dem Effekt, dass der Wedel von Stauropteris praktiscli ein ganzer 
Busch war und keinerlei Ahnlichkeit mit dem uns gelaufigen Bild eines Farnwedels 
aufwies. hei Stauropteris und einem Teil der Etapteridaceae die Differen- 

zierung von Spross und Wedel noch wenig fortgeschritten scheint und die Wedel 
wohl noch iiber den Erdboden sich erhebenden Asten des im ganzen an der Erd- 
oberflache kriechenden Spross-Systems vergleichbar sind, zeigt ein anderer Teil^der 
Etapteridaceen {Asterppteris un.d Etapteris deutliche und exakte Differenzierung in 
einen allseitig mit Wedeln besetzten und wohl aufrechten, hei Etapteris vielleicht 
lianenartig kletternden Stamm. Stamm-Stele, wo bekannt, meist einfach proto- 
stelisch; bei einigen {Metaclepsy drop sis und Botrychioxylon) mit Sekundar-Xylem; 
bei Asteropteris stellat mit massivem Xylem. Blattstiel- Biin del im Querschnitt 
stets mehr minder H-formig, 

Die iibrigen, unter Clepsydraceae sowie Botryopteroideae und Anachoropteroi- 
deae aufgefiihrten Gattungen stehen mit den vorhergehenden nurln mehr minder 
lockerem Konnex. Die Primitivitat ihres Stelenbaues und die Art der Leitbiindel- 
Gestaltung ihrer Wedel sprechen ftir mehr minder nahere Verwandschaft. Alle 
haben bereits Wedel, die insgesamt nur in einer einzigen Ebene verzweigt sind. 

Sporangien von einer Anzahl Gattungen bekannt, teils einzeln und endsthndig an 
den Spindein letzter Ordnung {Stauropteris) tells in Gruppen und gleichf alls end - 
standig bezw. randstandig an den Spindein letzter Ordnung. Offnung entweder 
mittels Apikal-Porus {Stauropteris) oder mittels mehrzellreihigein Annulus; in 
letzterem Fail dieser entweder an der Sporangien- Aussenseite und allmahlich in das 
•iibrige Sporangium- Wandgewebe iibergehend {Diplolabis, Botryopteris) oder in Form 
von zwei einander opponierten breiten Bandern {Etapteris einschl. Corynepteris) . 

3) Marattiineae : Die Gruppe lasst sich formal untertcilen nach der mehr oder 


Vgl, das tiber ahniiche Formeji ; Protopteridium u.a. Seite 555 Gesagte. 
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minder weitgehenden Durchfiederung des oft sehr grossen Wedels. Starke Wedel- 
Dnrclifiederung cliarakterisiert die Pecopteroideae, wahrend weniger starke Durch> 
fiederung, iind daher grossere Angleichung an die heute iebenden Marrattiaceen 
die Danaeoideae charakterisiert. 

a) Pecopteroideae : Wedeldurchfiedernng vier- bis fiinffach; Fiederclieii letzter 

Ordnung im Vergieicli zu den oft iiber ein bis zwei Quadrat-iMeter grossen Wedeln 
sehr kiein; in der Regel ansgesprochen pecopteridisch. Synangien mit Ausnahme 
derer von Danaeites stets aus nur einigen (vier bis seeks) Sporangien gebildet und 
kreisrnnd; diese entweder nur an der Basis miteinander verwachsen 
Scolecopteris, A citheca, Tetrameridium), oder bis gegen die Spitze zu zu eineni ein- 
heitiichen Synangium (alinlich dem der I'ez. Kaulf ussia) verwachsen (Ptychocarpus ) ; 
fast immer flaclienstdndig, nur selten randstandig (wie bei Asteroiheca tvimcaia 
sowie den Cyossotheca-KvtQTi, soweit diese zu den Filicales gelioren, wie Cr. pin- 
naiifidau. Ahnliciien). S3niangiuni von langlich weekenformig, aus ca 16 

in zw'ei Reihen angeordneten, ziemlich freien Sporangien bestehend. 

Stamme in Anzahl bekannt, teils an Hand strukturbietender Reste, teils im 
Abdruck und inkohlt, Nach der Wedel-Stellung sind zu unterscheiden Formen mit 
alternierend zweizeiliger Wedelstellung {Psaronii distichi bezw. (wenn im Abdruck) 
Megaphyton, sowie Formen mit allseitiger Wedeltragung; hier Wedel entweder in 
zwei bis sieben-zahligen alternierenden Quirlen {Psaronii polysiichi verticillati) 
Oder mit schraubiger Organstellung (Psaronii polysiichi spirales); die nicht struk- 
turbietend erhalten'en Reste der beiden letztgenannten Stamm-Typen gehen unter 
Caiilopteris und Stipidopteris. Stamme vielfach baumfdrmig und ahnlich denen 
der rezenten Dicksoniaceen und Cyatheaceen, an der Basis mit machtigem Wur- 
zelmantel; im Innern mit einer der Organstellung-entsprechenden Zahlund Anord- 
nung von konzentrisch ineinander gelagerten hufeisenformigen Stelenplatten, 
welche bei manchen Arten samtlich in die Blattspuren iibergehen, bei anderen Ar- 
ten dagegen z,T. rein stamm-eigen sind. 

b) Danaeoideae : Wedel gross, jedoch nur einfach bis doppelt gefiedert. Synan- 
gien stets aus zahlreichen in zwei Parallelreihen gestellten, unter sich aber stets 
weitgehend freien Sporangien bestehend, bei Danaeopsis die ganze Breite die fer- 
tilen Fiedern-Halften bedeckend, bei Marattiopsis nur in geringerer Breite dem 
Fiedernrand folgend. Kreisrunde Synangien hat 

Anhang: Paradox opt eris mit vergleichsweise starkem und langem Stamm, im 
Bau prinzipiell dem der rezenzen Angiopteris sowie der Psaronii polystichi spirales 
ahnlich, jedoch wesentlich komplexer. Der vielleicht zugehorige Wedel (Weich- 
selia) sehr gross und gabelteilig, die an nackten Fiedern-Spindeln getragenen Sy- 
naugien ihrerseits noch zu kugeligen Gruppen zusammengefasst. 

4) OphioglOSSineae : Fossil kaum bekannt; im iibrigen von den Iebenden nicht 
wesentlich verschieden. 

B: Filices Leptosporangiatae : 

1) Osmtindaceae : Wedel der palaeozoischen und wohl auch der mesozoischen 
Gattungen grosstenteils starker durchgefiedert als bei den rezenten Vertretern. 
Sporangien teils in Gruppen zu vielen (Discopteris, hier rand- oder flachenstandig) 
teils liber die ganze Fiederchen-Unterseite verstreut (Todites und Speirocarpus), 
teils einzeln an der Fiederchen-Unterseite (Kidstonia) . Stammreste teils protoste- 
lisch bis siphonostelisch (permische Vertreter), teils dictyosteiisch, dabei entweder 
mit primitiverer Protodictyostelie oder mit moderner und bis amphiphloeischer 
Dictyostelie. 

2) Schizaeaceae ; Wedel der alteren Formen, wie die der oberkarbonischeii 

Senfienbergia und der rhatischen bezw. liasischen u. N orimhergia denen der 

rezenten Vertreter unahnlich, mit rein fiedrigem Ban sowie meist mehrfach durch- 
gefiedert und (Ausnahme N orimhergia) gross. Von der Kreide ab werden die For- 
men denen der Iebenden Gattungen ahnlich. Sporangium bei der oberkarbonischen 
Senfienbergia noch mit mehrzell-breitem AnniiluS. •— Die wohl auch zur Familie 
gehorige Tempskya hat einen Scheinstamm, der zufolge Verflechtung der Wur- 
zelmantel des in zahlreiche Gabelarme verzweigten Stammehens zustande kommt. 

3) Marsiiiaceae : Fossil nicht mit Sicherheit nachgewiesen. 

4) Gleicheniaceae : Vorlaufer- Formen diirften die oberkarbonischen bezw. unter- 
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permischen Oligocarpia, Monocarpia, Shansitheca, Sturia, Dendvaena und Boweria, 
ferner die mesozoische Mertensites sein; dereri Wedel noch iiicht von typischem 
Gleicheniaceen-Bau. Eclite, der rezenten Gattung nachstehende Formen 

erst seit der Unterkreide bekannt, und zwar in den auch rezent vorhandenen Sek* 
tionen Mertensia und Eugleichenia, sowie in der nur fossil bekannten Sektion Du 
dymosonis] bei dieser auf jeder Fieder letzter Ordnung nur zwei Sori liber dem je- 
\veils untersten Seiten-Nerven beiderseits des Mittelnerven. 

5) Matoniaceae : Wedel samtlicher fossiler Gattungen (Phlehopteris, Selenocarpus, 
Matomdium und Matoniella) im Prinzip wie der der lebenden Ma/owm-Arten ge- 
baut d.h. primar monopodial mit jedoch exotropli sympodialer Verzweigung der 
beiden Basalfiedern des Wedels, wodurch der Wedel fussformig zerteilt erscheint. 
Bei Phleboptens und Selenocarpus noch keine Indusien-Bildung; bei letzterer Gat- 
timg die Sori nierenfbrmig statt wie bei den anderen Gattungen kreisrund; bei 
Matonidium beginnende Herausmodellierung des Indusium superum. 

6~8) Hymenophyllaceae, Loxomaceae, Dicksoniaceae und Cyatheaceae : Soweit 
iiberhaupt nachgewiesen (vgl. das Seite 484 Gesagte) unterscheiden sich die fossi- 
len Formen nicht nennenswert von den heute lebenden. 

9) Diptendaceae: Wedel unmittelbar an der Spreiten- Basis in zwei gleiche 

Primarhalften geteilt; darauf folgend mebr minder zahlreiche weitere Gabeltei- 
lungen. Diese entweder glcichm’^ssig: Hausmanni a s. str. (vgl. auch die rezente 
Dipteris lobbiana), oder ungleichmAssig, d.h, bei starker Exotrophie sympodial- 
gabelig; Effekt dass an der ersten Wedelgabelstelle zwei Hauptgabelarme ent- 
springen, an welchen in mehr minder dichtgedrangter Abwickelung die einzelnen 
Hauptnerven der Wedelabschnitte entspringen. Es ist aber selbstverstandlich, dass 
die beiden Haupt-Gabelarme ihrerseits zusammengesetzt sind aus den Basalteilen 
der sich weiter gabelnden Primer- Gabelarme. In den einfacheren Fallen verlaufen 
die Hauptgabelarme in sich ungedreht, und die Flache der beiden Wedel-Haupt- 
gabelteile liegt in einer Ebene. Dabei kbnnen die beiden Hauptgabelarme lang sein : 
Protorhipis (Wedel- Hauptteile zu mehr minder einheitlicher Flache verwachsen, 
^.hnlich auch die meisten der rezenten Dipteris -Arten), ferner (Sympodien 

hier ausnahmsweise endotroph) ; oder die Hauptgabelarm,e sind kurz: Thaumato- 
pteris und Clathropteris; bei letzerer Gattung sind die Basalpartieen der gesamten 
Verzweigungen einschl. der ersten zu einer einheitlichen Flache verwachsen, der 
Wedel daher handfdrmig geteilt. In den komplizierteren Fallen sind die Haupt- 
gabelarme in sich tordiert; und zwar entweder nur an der Basis und hier um 180°: 
Dictyophyllum oder sie sind iiber ihre ganze Erstreckung hin tordiert, sodass die 
Flache der beiden Hauptgabelarme in Form einer wendeltreppenartig aufgerollten 
Tiite erscheint: Camptopteris. — Samtliche freien Wedelabschnitte sind bei alien 
Gattungen ungeteilt oder einfach gefiedert, lediglich bei der neuestens zu Familie 
gezogenen Goeppertella (ehedem Woodwavdites) sind sie doppelt; der Wedelbau 
diirfte hier dem von Thaumatopteris entsprechen. — Sporangien teils in mehr min- 
der grossen Sori oder iiber die Wedelflache verstreut. Sporenzahl im Sporangium 
verschieden, 64 bis 512. 

10) Polypodiaceae : Die fossilen Reste dieser fossil nur spS,rlich bekannten Fa- 
milie fiigen dem von den Lebenden her bekannten Bild nichts Wesentliches bei. 

11) Salviniaceae : Fossile Vertreter nicht wesentlich anders als die lebenden. 

Anhang : Filicales incertae sedls. Die hiehergehorigen zum grosseren Teil dem 

Palaeozoikum, zum kleineren Teil auch noch dem Mesozoikum entstammenden, 
Seite 485 in ihren wichtigeren Vertretern aufgefiihrten Formen diirften zum guten 
Teil eusporangiat gewesen sein, wahrend einige von ihnen (Dactylotheca, RenaiiUia 
u.a.) den Typ des leptosporangiaten Farns vorbereitet zu haben scheinen; Sporan- 
gium bei diesen jedoch noch ohne Annulus. 

Betreff Liter atm vgl. F.O. Bower, The Ferns Vol. I u.II. Cambridge 1923/26 sowie 
F. O. Bower, Primitive Land Plants, London 1935. M. Hirmer, Handhuoh d 
Paldobotanik, Bd. I, Seite 484-692 (dieser Teil mit 240 Abb.) Berlin u. Munchen 
1927; ferner R. Wettstein, d. Systematischen Botanik, 4. Aufl. bearbeitet 

von F. V. Wettstein u. M. Hirmer, Leipzig und Wien 1935, sowie M. Hirmer, 
Palaobotanik in Forischritte der Botanik^ Bde I-VI, Berlin 1 932-37. Spezial-Literatur 
in den Werken angegeben. ■ 
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PTERIDOPHYTA INCERTAE SEDIS 
von 

Max Hirmer (Miinchen) 

Fossile Pflanzen von zwar sicherer Pteridophyte n-A r t, 
aber von nnsicherer Stellung innerhalb der Gruppe der Pteridophy- 
ten sind im Laufe der Zeit in grdsserer xA^nzahl bekannt geworden, vor allem 
aus den die altesten Landpflanzen fiihrenden Schichten. 

Dabei kennt man einesteils Formen, welche, obwohl die Einzelheiten 
ihrer Organisation geniigend gut aufgeklart ist, keiner der bekannten Pte- 
ridophyten-Gruppen (Psilophy tales, Psilotales, Lycopodiales, Articulatales 
und Filicales) eingereiht werden konnen, eben weil sie vermutlich Repra- 
sentanten anderer als der genannten Pteridophyten-Gruppen darstellen; 
andernteils kennt man seit neuester Zeit eine Anzahl Formen, die offenbar 
vermittelnd zwischen einzelnen der oben genannten fiinf Pteridophyten- 
Gruppen stehen. Es sind meist Formen, die mehr oder minder eng an die 
Psilophytales anschliessen, darilber hinaus aber iiberleiten zu den mikro- 
phyllen Lycopodiales oder Articulatales einerseits oder zu den makrophyllen 
Filicales im engeren Sinn andererseits. 

Im einzelnen sei liber folgende Formen hier berichtet. 

1. Vermittelnde Formen. 

Zwischen Psilophytales und echten Filicales vermitteln 
die aus dem Mitteldevon Bohmens und Norwegens u.a.o. beschriebenen Formen 
PseiidospoYochmis Pox. u. Brnd., Protopteridium Krejci, Pectinopkyton Hoeg. 
Wiewohl ■ — wms besonders fur Pseudosporochnus gilt — die Formen zweifellos an 
echte Psilophytales anklingen, ist doch klar, dass in derstarken und auf Fiedrigkeit 
abzieienden Verzweigung der fruktifizierenden Achsensysteme die Bildung typi- 
scher Wedel vorbereitet wird, wie sie dann> praziser gefasst, in den mittel — bzw. 
oberdevoniscben Aneurophyton Kr. u. Wld. und Eospermatopteris Goldring 
vorliegen. Auch Aphlebiopteris Gothan und F, Zimmermann (Oberdevon von Nie- 
derschiesien) ist eine Form, bei welcher die Wedelbildung allmahlich Gestalt an- 
nimmt, wobei es sicli ganz offensichtlicht um einen Typus handelt, in welchem auch 
noch mikrophylle Elemente (Aphlebien-artige, schraubig gestellte Anhangsel) 
an einem schon im ganzen wedelartig, verzweigten, also m a k r o phyllen Spross- 
system zu finden sind. Insgesamt liegen alle diese genannten Formen auf derselben 
Entwicklungslinie, die schon von Kidston und Lang an Hand des ja klassisch ge- 
wordenen Asteroxylon Mackiei aufgezeigt worden ist. 
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Ueberga ngsformen z wise hen Psilophytales und Ly- 
cop odi al e $ sind gleichfalls bekannt, so HaplosHgma Sew. aus den mittel- 
bis oberdevonischen Witteberg- Series von Siidafrika und andere; der unterdevo- 
nische Drepanophycus Kr. u. Wld., das mitteldevonische Pyotolepidodendron 
Krejci sowie Cyclodendron Krausel aus dem Unterdevon Afrikas diirften gleich- 
falls noch als Uebergangsformen zu betrachten sein, wennschon die Anklange an 
die Lycopodialens selir eindeutige und weitstgehende sind. 

Zwischen Lycopodiales und A rticulatales diirfte Boegen^ 
dorffia Gothan u. F. Zimmerm. stehen. Bekannt sind dreifacli verzweigte Achsen; 
Verzweigung jeweils in superponierten 2-glieclrigen Quirlen; Gliederung mit 
zunehmendem Verzweigungsgrad deutlicher werdend (vgl. die Protoarticulaten 
Hyenia Kr. u. Wld. und Calamophyton Kr. u Wld.); an den Knoten einfach ge- 
stellte Quirlbiattchen. Am Ende der Achsen letzter Ordnung Bliiten-artige Zapfen 
mit Spol-angien-artigen Bildungen in der Achsel der offenbar quirlig gestellten ziein- 
lich breiten Blattchen ; wahrend in der Art der Tragung der als Sporangien zu deu- 
tenden Korper Beziehungen zu den Lycopodiales vorzuliegen scheinen, weist 
die Gliedrigkeit der Stengel zweifellos auf Beziehungen zu den Ayticulatales hin. 

Ausfiihrlichere Beschreibung und kritischer Kommentar zur Morphologic dieser 
Formen nebst Literatur-Nachweis dazu findet sich in den vom Hirmer bearbei- 
teten xAbsclinitten „Palaeobotanik" in den Banden 1-3 und 5 der Fortschritte der 
Botanik. 

2. Formen, die offenbar eigene Gruppen innerhalb der Pteridophyten darstellen, 

Cladoxylales. Eine nur aus dem Mitteldevon von Elberfeld und dem Kulm von 
Thiiringen, Glatz und Schottland bekannte, vorwiegend durch die Untersuchungen 
von Solms-Laubach, Scott, Paul Bertrand, sowie Krausel und Weyland er- 
forschte Gruppe mit polystelem Stamm, wobei sich die Polystelie zweifellos auf eine 
sehr ausgedehnte stellate Protostelie zuruckfiihren lasst. Bei dem mitteldevoni- 
schen Cladoxylon scoparium ist der Stamm in seinem oberenTeilin eine Anzahl un- 
regelmassig gabelteiligerAeste aufgelost, die seitensta.ndige,facherformig verzweigte 
endstandig Sporangien-tragende Sprosssysteme letzter Ordnung abgliedern oder 
mit mehr minder weit zerschlitzten Aphlebien besetzt sind. Bei den kulmischen 
Arten {Cladoxylon Unger mit vier Arten und Voelkelia Solms-Laubach) scheint 
eine exaktere Differenzierung in Spross und Wedel durchgefiihrt zu sein. 

Bei den kulmischen Cladoxylon mirabile u. Clad, taeniatum geben die Elaupt- 
sprosse {Cladoxylon im engeren Sinn) einerseits starkere, schraubig oder quirlig ge- 
stellte Seitenachsen {Hierogramma u. Arctopodium genannt) ab, andererseits, und 
zwar ohne raumliche Bezugnahme auf die Hierogramma- und u4.yctopodhim-h.Ch.^Qn, 
noch wedelartige, doppeltgefiederte Bildungen von Clepsydropsis-StT\ikt\xi. Es ist 
aber zu bemerken, dass auch an den ihrerseits entweder gabelig oder fiederig ver- 
zweigten Hierogramma bezw. Afctopodium-Kc\is,QTX letzten Endes noch wieder 
gleichfalls die Clepsydropsis-BildiXingen entspringen. Es ist somit klar, dass die 
Hierogramma- und Arctopodium- Achsen als intermediare Bildungen zwischen 
Seitenachsen des eigentlichen C/a£?o;ry^o?«-Hauptspross-Korpers und Wedelrhachi- 
den anzusprechen sind. Es handelt sich also auch hier wdeder um eines der Beispieie 
der allmahlichen Herauskristallisierung des makrophylien Wedeltyps im stren- 
geren Sinn aus sich verzweigenden Sprossachsen-Systemen. 

Filr alle kulmischen Arten gilt, dass bei Abgliederung der Seitenachsen eine 
Anzahl nebeneinander liegender Arme-der polystelen Cladoxylon-S-piossStele die 
Biindelversorgung mittels Abgliederung ihrer Aussenteile ergeben. 

Barrandeina Stur aus dem Mitteldevon Bohmens. Stamme sympodial-gabelig 
verzweigt, bis ca 4 cm im Durchmesser mit (vielleicht quirlig gestellten) mehr- 
fach geteilten, facherformigen Blattern. An diesen Hauptachsen geiegentlich we- 
sentlich schwachere, einmal gabelteilige Sprosse. Dai*an Organe (Sporophylie ?), 
die, ein bis zwei Mai gabelgeteilt u. spindelig, eine kleine Anzahl ianglich eiformiger 
Sporangien unbekannten Inhalts tragen. Achsenstruktur unbekannt, vielleicht 
polystel. 

Duisbergia Kr. u. Wld. aus dem rheinischen Mitteldevon. Dicke an der Basis 
keulenfdrmiger verbreiterte StgLmme von Cladoxylon-hh.nlich.QX Anatomic mit rings- 
um offenbar in schraubiger Anordnung dicht gedrangt stehenden Blattarti- 
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^en Bildiingen von mehr Oder minder stark zerschlitzter gabelnerviger Spreite; 
abwectislend mit den Blatt-artigen Bildungen kurz gestielte, umgekelirt keulen- bis 
birneiifdrmige Korper, offenbar Sporangien. Moglich, dass die Art Beziehungen zu 
der vorber geschilderten Barrandeina bat, wie auch zu der gleichfalls ratselhaften 
Bfoeggeria Nathorst des norwegischen Mitteldevons und gewissen als Psygnio- 
phyllum bezeicbnete alteren palaozoiscben Formen. 

'Noeggeratfiia. ST'&'Ri^B. Oberkarbon von Mitteleuropa. Pflanzen mit wedelartigen, 
einfacb gefiedert erscbeinenden Bildungen, die von mancbeii Autoren z.B. Xemejc 
als ecbte AAedel angesprocben werden, von Gothan u.a. aber als Sprosse gedeutet 
werden, bei welchen die urspriinglicb scbraubig angeordneten, breit keilforinigen 
Biattcben sekundar zweizeilig eingeriickt sind. Fruktifikation zapfenartig mit zwei- 
zeilig gestellten Elementen. Die basalen brakteenartig, die oberen fertil und zwar 
mit einer grosseren Anzabl (bei A’’, folios a 17 und in 3 Reihen, bei Ab vicinalis in 
sogar 5-7 Querreiben gestellten) Sporangien. Bei N. foliosa sind Mikro- und Mega- 
sporangien nacbgewisen, beide von annabernd gleicher Grosse; die ersteren jedocb 
mit einer offenbar grosseren Zabl von Mikrosporen von 90-130 a, die letzteren mit 
einer offenbar kleineren Zabl von Megasporen von 800-1000 p. Die Verteilung an- 
scheinend so, dass im unteren Teil die Mega-, im oberen die Mikrosporopbylle 

waren. . ■ j 

In den Verwandtscbaftskreis von Noeggerathia diirfte wobl aucb Tingia aus dem 
jiingeren Palaozoikum Ostasiens geboren. 

Die einschlagige Literatur ist grosstenteils in den Arbeiten von Krausel u. Wey- 
LAND (Palaontographica Abt. B. Bde. 87 u. 80) sowei von P. Bertrand (ebenda Bd. 
81), aowie in M. Hirmer, Handbuch der Paiaeobotanik u. in Fortscbritte der 
Botanik, Bd. VI (Palaobot.) zu finden. 


Chapter XXIII 


PHYLOGENIE 


von 

W. ZiMMERMANN (Tubingen) 

8 1. Allgemeine tbersicht. Literatur. — Wie in der „Phylopnie der 
Moose” ist unser Ziel, den Wandlungsvorgang, den man Phylogenie nennt, 
zu schildern. 

Wir mussen unser Arbeitsziel, die alleinige Schilderung eines ^ r g a n g s, 

ausdriicklich umreissen, weil bekanntlicbm den SeruS der 

/in der vergleichenden*' Morphologie und in der „Systematik ) die bcnnaerung aer 
ihvloeenetischen Wandlung oft fast nnauffindbar vermengt ist mit den mehr tech- 
nischei Fragen der Abgrenzung und Klassifikation, mit subjektiven Rangordnun- 

Phvlo^enie als ein Wandlungsprozess beruht - wie wohl jetzt allgemem 
anfrkannt auf eSer Candfrnng des Erbgutes. Diese Veranderung geht 

sSritt fur Schritt vor sich, einerseits durch „Mutationen’; (so nennen wir heute 
iede \nderung von Erbfaktoren) und andererseits in bescbranktem Umfano du 
Neugruppierung der Erbfaktoren im Gefolge des Kernphasenwechsels (Bastardie- 
rung^ Po^ploidie u.dgl.). Phylogenie und Ontogenie sind also in der Natur emer 
kontihuierlihen Kette („Hologenie”, Zimmermann 1934 c) verbunden.^^ 
wissenschaftlich-genetische Betrachtungsweise muss diese ..holOoenetiscne e 
kettung stets im Auge behalten, wenn sie nicht vom Wege einer sa.chlichen Schil e- 

rung abweichen will. Wir werden im folgenden '^“^'^^omSlun-^iner 

ben, dass Unklarheiten iiber diese Zusammenhange, z.B. die Vorstellun^ emer 
direkten „phylogenetischen” Verwandlung fertiger Pflanzen bzw. ihrer Teile mem- 

• ander zu verhangnisvollen Missverstandnissen gefiihrt naben. 

Eine phylogenetische Wandlungsreihe ist daher eine von uns Menschen au^ der 

Hologenie^* herausgegriffene Bilderreihe von embryonalen oder „fertigen ur^^a 
n^lTbz;^ dTrerxfilen. Sie zeigt, wie als Ergebnis der M-tatmnen im Laufe 
der Jahrmillionen die einzelnen Merkmale, z.B. die Umrisse der Blatter, die An 
ordnung der Sporangien u.dgl. anders geworden sind als bei den Ahnen, dass sie 

^^'^Es^iif e&TEigentamlichkeit der Mutationen, dass sich die einzelnen 
bis zu einem liohen Grad selbstandig wandeln. So kann die U m wand 1 S 
von Merkmalen besonders bei den Pteridophyten mit ihren reichen Foss - 
funden isolierter Organe viel sicherer aufgezeigt werden als die einzelnen Sippenzu- 
sammenhange im Stammbaum. Daher stellen wir die ,.M e r k m a 1 s p h y 1 ° § ®- 
n i e” der „Sippenphylogenie” voran., (Vgk Zimmermann 1931 und 1934a) . »agegen 
kdnnen wir in Lr vorliegenden Ubersichtsdarstellung natiirlich nicht die einzelnen 
sich ieweils auf ein Gen beschrankenden „Elementarprozesse dieser Wandlung 
(vgl. ZiMMERMANN 1935a) hetausarbeiten. Wir miissen Merkmalskomplexe, 


W. ZIMMERMANN, PHYLOGENIE 


559 


Pferidoph.} 


in den Organen (Stamm, Blatt, Sporangium usw.) gegeben sind, inihrer phylogeiie- 
tischen Wandlung zusammenhangend verfolgen. Doch miissen ^vir iins auch hier 
auf einen Uberblick liber die Hauptwandlungslinien beschranken. Zur ansflihrli- 
chen Darstellung aller bekannten Ergebnisse und erorterten Probleme brauctite 
man ein vielbaiidiges Werk. 

\Yenn wir auf die angedeuteten Grundsatze einer streng realistischen Natur- 
erkenntnis achten, liegt schon heute das Bild der Pteridopliyten-Phylogenie in den 
Wandlungen der wicbtigsten Organe und Merkmale als fast llickenlos geschlossene 
und gut gesicherte Bildreilie von einer einfach organisierten Urform zu den mannig- 
faltigen heutigen Typen vor. Denn diese Wandiungsvorgange geiioren,, namentlich 
dank den phyiogenetischen Untersuchungen von F. O. Bower, D. H. Scott, A. G. 
Tansley, E.'C. Jeffrey, A. C. Seward, E. A. N, Arber, A. J. Eames, R. Kidston, 
W. H. Lang, D. T. Gwynne-Vaughan, H. Potoni:^, J. C. Schoute, O. Lig- 
NiER, Ch. u. P. Bertrand, B. Sahni, T. G. Halle — um nur einige bahnbrechende 
Phylogenetiker zu nennen — zu den grossartigsten und bestbekannten biologischen 
Erscheinungen. Ich babe versucht, in einer wegen meines Ausdrucks ,,Telom'’ 
„Telomtbeorie” genannten Auf f assung diesen gewaltigen Wandlungsprozess als 
eine Umbildung innerlich sowie ausserlich wenig differenzierter thallopliytischer 
Triebe („Telome’') einheitlich zu verstehen. Denn das wichtigste Erkenntnisziel 
jeder Morphologic, auch der phyiogeneti- 
schen, ist die Einheit des Ausgangsgebildes, 
ohne die Mannigfaltigkeit der Umbildung 
zu vergewaltigen. 

Dberdies sind uns die Pteridophyten 
auch aus dem Grunde besonders interes- 
sant, weil ihre ausgestorbenen Formen 
zweifellos die Wurzel der Samenpflanzen 
mitumfassen. Wir werden darum gelegent- 
lich kurze Ausblicke auf dieSamenpflanzen- 
Phyiogenie einflechten. 

Da die Verwandtschaftsstellung der 
Pteridophyten innerhalb des gesamten 
iVrchegoniaten-Stammes klar ist (vgl. 

Fig. 1), kdnnen wir 3 Hauptabschnitte 
dieser phyiogenetischen Wandlung un- 
terscheiden : 

1. Hauptabschnitt (§ 2): 

Die Wandiungsvorgange, die zu der 
letzten mit den anderen Archegoniaten 

(vor allem den Moosen) gemeinsamen Ahnenform, zum „U r - Arche- 
goniaten'' gefiihrt haben. 



Fig. 1. Allgemein anerkanntes 
Grundschema der Pteridophyten- 
Verwandtschaft. 


Fiir unsere Phylogenetik der Pteridophyten besitzt auf diesem W'andlungsab- 
schnitt besonderes Interesse die Entstehung des fiir die Pteridophyten so charak- 
teristischen Generations wechsels und die Entstehung der spezifischen 
Archegoniate n-F ortpflanzungsorgane. 


11. Hauptabschnitt (§3 und § 4) : Die Wandiungsvorgange, 
die vom „Ur-Archegoniaten" zum letzten, alien heutigen Pterido- 
phyten gemeinsamen Ahn, zum „U r - P t'e r i d o p h y t e n" gefuhrt 
haben. 


5gQ w. ZIMMEEMANN, PHA’’LOGENIE 

• J ■ -fflr flipcen Wandlunes-Scliritt recht sicher funda- 

Unsere nd der Fossilfunde ein gutes Bild vom Aussehen dieses 

mentiert. als wir uns auf ^Leselien von nebengeordneten Einzel- 

„Ur.Pteridophyten” fflachen gelten heute 

heiten, in denen tJbereinstimm § _ Botanikern die frlihdevonischen 

den „Ur.Pteridophyten” sehr nahe stehenden 

ren mit dem Rhyniaceen-Typ (Fig. 4). Unsere ^ Ur- 

W e 1 c h e M e r k m a I e h a b e n s no t “r h y n i a c e e n-T y p) 

Die“e\Cmalswandl^^^^ konnen wir darstellen. indem wir fiir 

daf^W d^ GeTerationswechsels und des Gametopliyten (§ 3), sowie 

6) das Bild des Sporophyten.(§ 4) schilderii. 

1 1 1 . H a u p t a b s c h n i 1 1 (§ 5 - § 7) : Die Wandlungsvorgange. 

die vom Ur-Pteridophyten” zu den verscHiedenen, fossil nachweisbaren 
und heute lebenden Pteridophyten-Abteilungen gefiihrt haben. 

Gametopliytendl 5), , 

i d e Ve ande^LSen des Sporophyten in seinen vegetal ven leilen (J 6), sow 
r) dfe VeSadLunlendesSporophyten in seinen Fortpflanzungsorganen schil- 

dern. (§ 7). 

Als Abschluss werfen wir in einem ^ ^ 

I V. H a u p t a b s c h n i 1 1 (§8) einen Blick auf die sich aus diesem 
phylogenetischen Ablauf ergebenden sippenphyletischenZu- 
s a in m e n h a n g e der Pteridophytengruppen untereinander und mit 
ihren Verwandten. 
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§ 2. Die phylogenetische Entstehung einer den Archegoniaten 
gemeinsamen Urform. — Ich kann hier auf eine eingehende Diskussion 
verzichten, da ich die gleiche Frage fiir die Phylogenie der Moose ausfiihr- 
licher behandelt habe (Zimmermann 1932; S. 436 if). Wir begniigen uns 
also mit einer kiirzen Schilderung des Ur- Archegoniaten. Der Ur-x^rche- 
goniat (vgl. Fig. 2A) besass folgende Eigenschaften: 

1) Einen ^Jiomologen\ besser ^^homomorphen’’^ Generationswechsel: D.h. 
die beiden miteinander alternierenden Generationen waren ausserlich gleich 
wie bei vieien heute noch existierenden marinen Algen (beispielsweise bei 
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Dictxota dichotoma). Sie unterschieden sich lediglich durch die Beschaffen- 
he?d r Keimzellbehalter (Sporangien beim Sporophyten Gametangicn 
befm Gametophyten), durch die Ausgestaltung der zugehorxgen Kem- 
zellen und durch die Chromosomenzahl (Sporophyt diploid Gametophyt 
haploid). Die letztgenannte Eigenschaft sichert eine strenge Alternanz der 

^^2)^Eiwthallofhytische Gestalt: dichotom sich gabelnde Triebe (..Telorne ) 
mit eLm mechanisch aussteifenden Zentralstrang. Diese Eigenschaften 
Sid ebenfalls bei heutigeu Tangen noch vertreten und kennzeichnen eme 
geringe Arbeitsteilung der Organe und Gewebe sowie erne mcchanische 
BeanLuchung durch Zug (Leben in der Brandungszone !) . 

3) Fiir die ^chegoniaten spezifische KeimzellbeMlter und Ke^.mzellen: 
A^rchegonien mit Eiern, Antheridien mit Spermatozoen i) sowie Spo- 
rangien mit Sporen (Fig. 5). Die Sporangien waren g eichfalls Telorne, d.h. 
ThaUus-Endtriebe, deren Inhalt unter Reduktionsteilung m Sporen zerfiel. 

Die vorgetragene virtretel 

mologous theory ) Sie (= ..antithetic theory”). Nach 

und von^SirMhS^lB*°ZwMBRMANN 1932) ausfiihrlicher erSrtert worden. 

Dieser Ur-Archegoniat hatte sich - vermutlichini Spat-Kambrium oder 
Silur _ aus kiistenbewohnenden Griinalgen. die ja fiir diese Zeit schon 
nachgewiesen sind, herausentwickelt. Selbstverstandlich war es ein weher 
Wandlungsweg von solchen Algen bis zu den heutigen Archegoniaten. Der 
Verwandtschaftszusammenhang ist daher sehr lose. ^ t- , ■ i 

Vom Ur-Archegoniaten aus ging die weitere phylogenetische Entwick- 
lunK divergent zu den Moosen und zu den Pteridophyten. Bei den M o o - 
sen war es vor allem der Gametophyt, der sich in starkerem asse 
ausdifferenzierte, wahrend der auf dem Gametophyten parasitierende 
Sporophyt reduziert wurde. In der Entwicklungsreihe, die zum Ur- 
ffihrte, wurde dagegen umgekehrt gerade der 
Sporophyt reicher differenziert. D.h. der Sporophyt wurde zur 
„Haupt-Generation”, wogegen der Gametophyt in seinen Ausmassen und 
in der Differenzierung von Organen und Geweben zuriicktrat. 

§3. Generationswechsel und Gametophyt des Ur-Pteridophyten. 

— Die Reduktion des Gametophyten muss bereits bem Ur-Pteridophyten, 
der vermutlich im Ober-Silur gelebt hat, sehr weit fortgeschritten ge- 
wesen sein. D.h. der Gametophyt war schon wesentlich kleiner als der 


) Vgl. ZiMMERMANN, 1932, S. 455. 
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zugehorige Sporophyt, er war zum „Prothaliium’' geworden. Im iibrigen 
behielt er die gabelig thallose Gestalt der Ur-x\rchegoniaten, die ja aucli 
den nieisten heutigen Pteridophyten-Prothallien gemeinsam eigen ist. 
Fur die deiitliche Reduktion des Garnet ophy ten bei den altesten Pterido- 
phyten spricht die zunachst sehr auffallige Tatsache, dass man bei fossilen 
Pteridophyten(einschl. Psiiophyten) entweder liberhaupt keine Prothallien 
beobachtet hat, oder doch nur eine viel schwacher als der Sporophyt ent- 
wickeite Geschlechtsgeneration. Auch heute erreicht ja kein Prothallium 
der Pteridophyten eine kormophytische Struktur. Wir haben daher nicht 
den mindesten Anlass zur Annahme, dass die Pteridophyten-Gametophy- 
ten irgendwann einmal ein uns unbekanntes kormophytisches Stadium 
erreicht batten. 

Auch die vorherrschend gabelige Verzweigung der heutigen Prothallien 
(vgl. Fig. 2) ist fiir uns ein iVnhaltspunkt, dass der Ur-Pteridophyt noch 
ein gabeliges Prothailium hatte. Ferner fehlt jeder phylogenetische An- 
haltspunkt, dass der Garnet ophyt des Ur-Pteridophyt en die zw'eifellos pri- 
mitive Autotrophic aufgegeben* hatte. 

Das gelegentlich in der Literatur zu findende Argument: „weil heute manche 
sog., primitive’ Pteridophyten, z.B. heutige Lycopodien Gametophyten mit My» 
korrhiza besitzen, muss das bei den Ahnen auch so gewesen sein”, ist wegen der 
selbstandigen Abwandlung jedes einzelnen Merkmals nicht stichhaltig. Es ist im 
Grunde ein rein systematisches, aber kein phylogenetisches Argument. 

Vermutlich ist die Reduktion und sonstige Umbiidung des Gametophy- 
ten eine Folge des Uebergangs zum Landleben. Der Gametophyt bedarf 
vor ^^Erfindung'' des Poilenschlauches des fliissigen Wassers, da seine 
Spermatozoen nur schwimmend ein Ei erreichen konnen. Er blieb daher 
zunachst an fliissiges Wasser gebunden. D.h. der Gametophyt musste 
klein und in Erdennahe bleiben und musste auch im allgemeinen feuchte 
Standorte aufsuchen, wo ihni Wasser fiir den Befruchtungsakt in aus- 
reichendem Masse zur Verfiigung stand. 

Umgekehrt konnte beim Ur-Pteridopyhten der Sporophyt grosser 
warden. Ja, es war fiir das Ausstreuen der Sporen sogar vorteilhaft ^), dass 
der Sporangientrager mogiichst weit in die Luft ragte. Selbstverstandlich 
bedeutete ein mogiichst holier Sporophyt im Wettkampf um Licht und 
Luft eine gesteigerte Assimilationsmoglichkeit. Aus dem erstgenannten 
Grand wurde der Sporophyt bei den Moosen zu einem dem Gametophyten 
parasitisch aufsitzenden Gebilde. Oder bei den Pteridophyten wurde er 
zu einem selbstandigen und den Gametophyten an Grdsse weit iiber- 
treffenden Organismus. 


p Selbstverstandlich verstehen sich alle diese Aussagen nur im Sinne der 
„remen Oekologie", die — ohne Behauptung von „Zweckursachen” und andere 
anthropomorphe Konstruktionen — iiber die naturlichen Lebonsbedingungen der 
Organismen etwas aussagt. 


568 


W. ZIMMERMANN, EHYLOGENIE 


§4. Sporophyt des Ur-Pteridophyten. — Im Gegensatz zum 
schlecht iiberlieferten Gametophyten haben wir ein gutes Bild vom 
Sporophyten des Ur-Pteridophyten in den ausgezeichnet erhaltenen 



B Typus der Bryophyten. C Typus der Pteridophyten. 



Fig. 2. Abwandlung des Generationswechsels nach der „homomorphen” Auf- 
fassung. — 

A Hypothetische Ausgangsform mit gleichgestaltetem Gametophyt und Sporo- 
phyt (— Dictyota-Typ). 

B T^^-pus der Bryophyten (Sporophyt abhangig vom Gametophyten und redu- 
■.ziert)..'. , ' ■ ■ 

C. Typus des Pteridophyten (Gametophyt reduziert). 

Gametophyt jeweils diinn konturiert, mit Archegonien (flaschenformig) und 
Antheridien (eiformig schraffiert) ; 

Sporophyt dick konturiert, mit Tetrasporen (Sporangien mit Punktkreuz). 
(Nach ZiMMERMANN 1930, S. 86). 

altdevonischen Psilophyten. Sie zeigen ein so ubereinstimmendes Bild, 
dass wir in den gemeinsamen Ziigen unbedingt die typischen Merkmale 
des Ur-Pteridophyten erkennen konnen. Ein Beispiel ist die Gattung 
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Rlmiia. Unter Hinweis auf ihre Schilderung (S. 497) heben wir nur die 
Haiiptpunkte liervor. 

Habitus. Die allgemeine Tracht entsprach noch vollig dem thaliosen 




Fig. 3. Tracht der Urpte- 
ridophyten (Rhyniaceae), 

{etwas schematisiert, in 
Anlehnung an Troll 1934, 

S. 684) . Typische Ausbil- . 
dung der Telome (oberir- 
disch als Sporangien und 
Phylloide, unterirdisch als 
Kriechtriebe) und der Me- 
some. 

St Stele. 

W = Wurzelhaare. 

Autbau, wir wir ihn fiir die 
Ur-Arcbegoniaten annehmeii. 
D.h., wie die Fig. 3 wohl ohne 
nail ere Erlauterungen zur Ge- 
niige wiedergibt, ist die ganze 
Pflanze noch aus wenig diffe- 
renzierten Telomen und Meso- 
men aufgebaut. Ah einzigen 



Fig. 4. Rhynia Gwynne-VaugJiani, 
Telom: A) quer, B) langs. — (M. -Devon.) 
St. — Protostele (wenigzelliger Holzteil, 


organisatorischen Fortschritt 
kdnnen wir die Differenzierung 
der vegetativen Telome bzw. 

Mesome in Kriechtriebe und 
aufrechte, assimilierende Luft- 

triebe bezeichnen. Beide Organen behalten jedoch noch ausgesprochenen 


Siebteil gegen die Rinde kaum abgegrenzt) . 
Sp. = Spaltoffnung, wenig eingesenkt. 

X = angemoderter Teil der Epidermis. 
Vergr. 35 mal. (Aus Zimmermann 1930). 


^) Vgl. unten, S. 570. 
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Fig. 5. Hornea Lignieri, Sporan- 
gium mit Columella. — Vergr. 
30 X (Aus ZiMMERMANN 1930). 


,,Telomcharakter”, ohne Arbeitsteilung der einzelnen Triebe, etwa in 
Stamm uiid Blatt. 

A n a t o m i e. An Geweben differenzierte sicli in Rhynia aus : Eine 
Epidermis mit Spaltoffnungen, die dem Garnet ophyt fehlen, eine 
R i IT d e und ein Z e n t r a 1 ,z y 1 i n d e r , bei dem eine aussere Schale 
als prospektives Phloem aus langgestreckten/ aber in der Wandstruktur 
iTOch nicht siebroliren-artigen Zellen. bestand, (Fig. 4). 

Der Kern des Zentralzylinders war das ziemlich einheitliche Xylem, 

das aus Spiraltracheiden bestand. Man 
nennt einen derartigen Zentralzylin- 
der Oder Stele eine P r o t o s t e 1 e. 
(Fig. 15, S. 593). Die Auffassung Jef- 
freys, dass in ihr der Ausgangspunkt 
fiir die Leitbundelanordnung der librigen 
Landpflanzen existiert, hat sich durch- 
gesetzt. 

Die Tracheiden des Zentrums sind bei 
einigen Psilophyten zarter und werden 
ontogenetisch zuerst angelegt. Man 
nennt sie daher Protoxylem. (Fig. 15). 

Die Sporangien sind die fer- 
tilen terminalen Auszweigungen („Telo- 
me”). Sie sind aufgebaut aus einer mehr- 
schichtigen (^eusporangiaten’ J Wan- 
dung und, als Kern, aus einem sporogenen 
Gewebe, das typische Luftsporeri durch 
Reduktionst eilung bildet . Die Wanduhg 
springt vielfach apikal auf . Manchmal 
(z. B. bei der Gattung Fig. 5) 

setzt sich der Zentralzylinder als Ernah- 
rungsstrang (,,Goluniella") ins Inner e der 
Sporenmasse fort (Vgl. aueh hnten S. 
663). 

T e 1 o m e und M e s o m e i). Die Verwenclung die.ser beiden Ausdriicke 
erfordert sowohl in sachlicher wie in begrifflich-nomenklatorischer Hinsicht einige 
Erlauterungen. Sachlich kennzeichnen diese Ausdriicke die Auffassung, dass die 
Ur-Pteridophyten entsprechend der „T e 1 o m t h e o r i e’* und Fig. 3 aus lauter 
Mesomen und Telomen, d.h. aus lauter gleichwertigen, also gabelig verketteten und 
ubereinstiminend einfach organisierten Trieben zusammengesetzt waren, dass sie 
also noch keinen in Sprosse, Blatter, Sporophylle, Wurzeln usw. gegliederten Auf- 
bau besassen. Wie das die Fig. 3 schildert, nenne ich diese einfachen Endauszwei- 
gungen der Triebe wie friiher „Telome" und fuge nun als neue Bezeichnung den 
Ausdruck „Mesome’* fur die prinzipiell ahnlich gebauten „Internodien’’ zwischen je 
zwei Gabelstellen ein. Im Laufe der Ontogenie war natiirlich jedes „]\Iesom’' zu- 
nachst ein „Telom'’. 

p Als zusammenfassenden Begriff fur Telome und Mesome konnte man den 
PoTONiE’schen Begriff „Monosome" verwenden. 
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Sachlicli ist die „TeIomtheorie” in ihren Grundziigen heute wohl ziemlich alige- 
mein angenommen worden. Umstritten ist nur die Ausdehnung der Theorie aiif 
einige Spezialgebiete wie die Entstehung des „Lycoblattes'’ (vgl. unten, vS. 586). 
Aiich die Bezeichnung „Telom” biirgert sich mehr und mehr ein. Bedenken treffen 
aiif dieseiti nomenklatorisch-begrifflichen Gebiet, soweit ich sebe, wiederimi nur 
die Verwendungs g r e n z e des Begriffes „Telom''. So haben z.B. Wettstein 
1930, S. 201 und Bower 1935, S. 617 bezweifelt, ob man diesen Begriff auch noch 
bei komplizierteren Bildungen wie vielen Sprossen und Slattern der Angiospermen 
verwenden konne. Selbstverstandlich existieren, wie ich von Anfang an betont 
habe (Zimmermann, 1930 S. 66), solche Verwendungsgrenzen. Man kann etwa bei 
einem ganzrandigen Netznervenblatt einzelne Telome (und Mesome) nicht mehr 
untersciieiden. Solche Verwendungsgrenzen des Begriffes verhindern aber weder 
seinen nutzbringenden Gebrauch fiir primitivere Organe noch die pliylogenetische 
Ableitung der komplizierten Gebilde von den primitiven und noch ,,typisch" ge- 
stalteten „Telomen” und „Mesomen”. 

Verwendungsgrenzen solcher Begriffe finden sich ja in ganz ahnlicher Weise ftir 
■andere stark gewandelte Organe, wie die Prothallien. Wollte man wegen Verwen- 
dungsgrenzen derartige Begriffe ganz ausschlagen, durfte auch niemand von einem 
„ Prothallium** mit Archegonien und xAntheridien reden, geschweige denn die Ga- 
metophyt- Generation der Angiospermen davon ableiten. Kurz, die Begriffe und die 
Bezeichnungen „Telom” und „Mesom*’ sind ebenso wie „Archegonien*’, „Antheri- 
■dien”, usw. in erster Linie fiir primitive Organisationen der Gefasspflanzen ge- 
.schaffen. 

§ 5. Wandlung des Generationswechseis und des Gametophyten 
zu ihrer heutigen Gestalt. — In drei okologisch verschiedenen Entwick- 
lungslinien hat sich die Gestalt der Prothallien selbsttodig abgewandelt. 

1) Filicineen-Typ. Der Gametophyt blieb autotroph und 
•ahnelt oft weitgehend einem wenig entwickelten thallosen Lebermoos. 
Dieser Typ findet sich bei den leptosporangiaten Farnen, den Osmundales 
und M arattiales sowie bei den Equisetales, Die Hauptwandlung besteht 
wohl in einer mehr oder weniger weit gehenden Riickbildung und in einer 
meist deutlich flachenformigen Entwicklung des zarten Thallus. 

Gelegentlich ging die Reduktion bis zu fadenfOrmigen [Trichomanes) 

weiter. Durch die Lage der Meristeme (z.B. bei den Equisetales unter der „Lappen- 
krone”), durch die Behaarung, Stellung der Gametangien und dgl. ergeben sich im 
Habitus erhebliche Unterschiede, auf die wir im Einzelnen aber nicht eingehen 
konnen. 

2) L y c o p o d i u m - T y p. Er ist vertreten bei der Gattung Lycopo- 
dium samt Phylloglossum, bei den Psilotales und OpMoglos sales. Das Cha- 
rakteristikum dieses Typs liegt in der mykotrophen Lebens weise. Im iibri- 
gen haben wir bei den Psilotales noch einen typisch dichotoni sich verzwei- 
.gen den, ziemlich kraftigen Thallus und beim Lycopodhm cernuum-Unter- 
Typ apikal noch eine assimilierende ^,Lappenkrone’h Im allgemeinen 
ist aber auch hier das thallose Prothallium offensichtlich stark rlickgebiidet 
zu einem meist knoliigen Gebilde. 

3) H e t e r o s p o r e n t y p. Er ist — wie schon sein Name andeutet 
— durch verschiedene (grosse $ und kleine <J) Sporen und Riickbildung des 
Gametophyten charakterisiert. Die Grossendifferenzierung geht also Hand 
in Hand mit einer Geschlechtsdifferenzierung .der Sporen. Besonderes In- 
teresse gewinnt der Heterosporen-Typ ,als Durchgangstyp zur Samenbil- 
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dung. Dementsprechend vermittelt die Heterosporie (herrschend im Kar- 
bon) auch zeitiich zwischen einer Periode vorherrschender Isosporie (Alt- 
devon) und einer Periode vorherrschender Samenreproduktion (Jetztzeit) 
(vgi. ZiMMERMANN 1932 und 1934^^). 

Heterosporie hat sich selbstandig in 4 Hauptabteilungen der Pterido- 
phyten herausgebildet : 

a) L y c o p s i d e n: bei den fossil iiberlieferten Lepidophyten und bei 
Plemomciay sowie bei den bis heute lebenden Selaginellen und Isoetes. 

b) A r t i c u 1 a t e n : bei manchen fossil Iiberlieferten Calamiten und 
Sphenophyllen. 

c) N 0 e g g e r a t h i e e n : soweit bekannt bei alien Vertretern (vgk 
Nemejc). 

d) P t e r 0 p s i d e n : bei unsicher bekannten fossilen Formen, z.B. viel- 
leicht bei Aneurophyton und Eospermatopteris sowie bei den heutigen 
Hydropterideen. 

Die Grbssendifferenz zwischen ? und Sporen war vielleicht nicht gleich 
mit einem Schlage da. Wenigstens hatten die ersten deutlich heterosporen 
Pteridophyten (z.B. oberdevonische Lycopsiden wie Bothrodendron antri- 
mense) nach J. M. Clark noch keine scharf gesonderten Makro-und Mikro- 
sporen, sondern auch verinittelnde „intermediare'' Sporen. Dagegenzeigt 
das Oberkarbon schon ausserordentlich grosse Makrosporen ; Sporen von 
(Lycopside) messen nach Zerndt 6,4 mm. 

Mit der Grossenzunahme ging die Zahl der Makrosporen eines Sporan- 
giums zuriick. Bei karbonischen Lycopsiden (z.B. Lepidostroben) war 
meist noch eine grossere Zahl von Makrosporen (4 — 20) vorhanden. Heute 
finden wir z.B. bei Selaginella nur 4 und bei den Hydropterides nur 1 Ma- 
krospore in Makrosporangium (iiber interessante Ausnahmen vgl. Holden). 

Die Prothallienreduktion besteht okologisch darin, dass die Sporen mehr 
Oder minder ausreichend Reservestoffe von der Mutterpflanze mitbekom- 
men. Sie verzichten daher weitgehend auf eigenes Wachstum und Assimi- 
lation. Hire ganze Entwicklung spielt sich im grossen und ganzen als 
Zellteilung innerhalb der Sporenmembran ab. Ja, bei den Hydropterideen- 
Makrosporen bleibt sogar der basale Teil unget eilt. Ein schwacher Chloro- 
phyllgehalt bei Prothallien heutiger Hydropterideen, sowie Rhizoidhocker 
der $ S elaginella-Vv oihdlliQXi sind rudiment are Anzeichen einer friiheren 
xAutotrophie. Allerdings haben die Rhizoidhocker eine neue Funktion iiber- 
nommen : das Auffangen der Mikrosporen, das z.B. bei Lepidophyten von 
Hdckern der Sporenmembran bewirkt wurde. 

Die Keimzellbehalter, die Archegonien und Antheridien werden bei der 
Prothallien-Reduktion gleichfalls, sowohl in ihrer Anzahl wie in Hirer Aus- 
gestaltung reduziert. Am starksten ist naturlich die Reduktion der Mikro- 
sporen und ihrer Antheridien. Heutige Isoetes- Mikrosporen beispielsweise 
bilden sich nur noch in ganz wenige (ca 9) Zellen um, d.h. in der Haupt- 
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sache in eine wenigzellige Wandschicht und in 4 Spermatozoen. Wie bei an- 
dereii derartig weitgehenden phylogenetischen Umbildungen ist hier eine 
ins Einzelne gehende Homologisierung, die vegetatives Prothallium-Gewe- 
be und Antheridien unterscheidet, unmoglich. 

Die Heterosporie ist — wie in nicht-phylogenetischem Sinne schon Hofmei- 
STERS Ivlassische Untersucliiingen erkannt haben — eine Zwischenstufe auf dem 
Wege znr S a m e n b i 1 d u n g. Eine solche Entwicklungsreilie entspricht aber 
aiicliunseren phylogenetischen Vorstellungen (vgl.pben). Zwei Kormophyten-Abtei- 
liingen (die Lepidospermen, S. 505 und die typischen Samenpflanzen, einschliesslich 
der Pteridospermen) haben diesen neuen Schritt liber die Heterosporie hinaiis zur 
Fortpflanznng diirch Samen getan. Die Moglichkeit, dass auch in der 3. Hauptab- 
teilung, bei den A rticulaten solche Samenbildung aufgetreten ist, besteht natiirlich.. 
Doch bediirfen die diesbezuglichen Angaben z.B. von Elias (1931) noch einer ein- 
gehenden tjberpriifung, um als gesichert zu gelten. 

Der entscheidende Wandlungsschritt zu dieser Stufe der Samenbildung liegt 
beim Makroprothallium, das seine ganze Entwicklung nun auf dem Sporophyten, 
innerhalb des Sporangiums duixlil^uft, und das damit das Sporangium zum Sa- 
men macht. Die Samenbildung macht also das $ Prothallium noch mehr vom Spo- 
rophyten abhangig: es erhalt vom Sporophyten nicht nur die gesamte Nahrung 
sondern auch den Lebensraum und wird dementsprechend noch weitergehend 
reduziert. Bei den hochst differenzierten Samen, bei den Angiospermensamen, 
unterbleibt ja bekanntlich die zellulare Untertmlung des Prothalliums vor der 
sexuellen Kernverschmelzung vollig. Dass die heterosporen Hydropterides eine An- 
naherung durch den nicht zellular geteilten basalen Teil der Makrosporen zeigen, 
erwahnten wir schon. 

§ 6. Phylogenie des Sporophyten (vegetative Organe). 

Der Kernpunkt dieses Wandlungsabschnittes ist die phylogenetische Herausbil- 
dung des vegetativen Sprosses und der Wurzel. Daneben haben sicli auch einige 
nicht einwandfrei in diese Typen der Kormophytenorgane einzuordnende Gebilde 
herausentwickelt (bzw. erhaltenl), wie die sog. Wurzeltrager der Selaginellen. 

Die Herausbildung von Sprossachsen, Blattern und Wurzeln der Pteridophyten 
ist ein besonders deutlicher Beleg der „Telomtheorie". 

A. Phylogenie der E m b r y o n a 1 s t a d i e n und das 
gegenseitige V e r h a 1 1 n i s v o n S p r o s s u n d Wurzel. 

Wir mussen unsere Betrachtung einleiten mit der Embryonalentwicklung 
heutiger Kormophyten, (Fig. 6), da die unmittelbaren Anhaltspunkte fur 
die Embryonalgestalt der Ahnen ausserst sparlich sind. 

Bei alien heutigen Kormophyten liegt die 1. Teilungswand der befruch- 
teten Eizelle, die kiinftige Sporophytachse, die von Bower 1922erkannte 
,, primitive spindle’’, mit den beiden Polen, dem S p r o s s p o 1 und dem 
„G eg e n p o l”, (meist durch Bewurzelung gezeichnet) fest. Die „primi“ 
tive spindle” steht namlich senkrecht auf dieser ersten Teilungsebene. 

Im Gefolge der 2., darauf senkrecht en Teilungsebene ergibt sich ein fiir aiie 
Kormophyten-Embryonen charakteristisches d o p pelt „g e g a b e 1 1 e s” 
Gebilde (Fig. 6, rechte Reihe) mit 4 (Quadranten :) Organ bezir ken. 2 
Organbezirke des Sprosspols liefern das I . Blatt und den ubrigen Teil des 
Sprosses. Die 2 entgegengesetzten Organbezirke des ,,Gegenpols” liefern 
die ubrigen Organe eines Embryos (Wurzel, Haustorium und Suspensor). 


A- Equisetum 



Fig. 6. Vergleichende Embryonalentwicklung der Pteridophyten und der 
Angiospermen. — 1-3= jeweils 3 lintwicklungsstadicn im l.ilngsHchnitt, 

4 = Schemata der Organbezirke eines Embryos nach der 2. Zeilteilimg. 
(nach ZiMMERMANN 1930, Abb. 32). B — Blatt, S = Spross, W Wurzcl, 

Su = Suspensor, PI ==:= Haustorium. 

(Zur leichteren Parallelisierung sind im Schema der Angiospermen die verschiede- 
nen Qaerwande des Snspensors nicht bcriicksichtigt). 
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Diese doppelte ^Gabeking” des Embryos kehrt in ihren Grundzugen so 
regelmassig bei alien Kormopliytengruppen (und librigens anch bei Bryo- 
phyten wie Anthoceros) wieder;sie stimmt so weitgeliend mit der gabeligen 
Grundstruktur der Ur-Archegoniaten nnd Ur-Pteridopliyten (vgl. Fig. 3) 
iiberein, dass man wohi im doppelt-gegabeiten Embryo 
e i n e g e m c i n s a m e i\, li n e n e i g e n t ii m 1 i c h k e i t d e r K o r- 
m 0 p k y t e n selieii darf. Ein derartiger Embryonalaufbau ist fiir uns 
besonders interessant, well er eine ontogenetische Gleichwertigkeit von 
Spross und Gegenpol (in vielen Fallen von Spross und Wurzel) sowie vom 
ersten Blatt und dem ubrigen Spross (einschliesslich des 2. Blattes) aiis- 
druckt. 

Die prinzipielle Gleichwertigkeit von Sprosspol und Gegenpol erlaubt so- 
gar noch bei einem heiitigen Ptcridophyten [Marsilia) einen experiment el- 
ien Austausch beider Pole. Je nach der Lage im Raume wird immer der 
qbere Pol zum Sprosj^pol, der imtere zurri ^^Gegenpob' bzw. hier Wurzelpol. 
Auch wandein sich Kriechtriebe (besonders deutlich bei den Psilotales) 
vieifach unmitt elbar zu Sprossen. 

Die Gleichwertigkeit von Blatt und Spross am Embryo hat Leitgeb 
fiir Marsilia dahin gekennzeiclmet, dass beide Organe beim Erscheinen 
Tiber der Oberflache des Embryo als Hocker von einander nicht zu unter- 
scheiden sind und ganz den Eindruck von Dichotomie maclien. 

Man darf also wohl annchmen, dass bei den Ur-Pteridophyten, der (wie 
bei Equisetum — Fig. 6A — , Tmesiptcris undlsoetes ,,exoskop’' orientierte) 
Sprosspol immittelbar zu den einlieitlich als Gabeltrieben gestalteten Or-* 
ganen wurde. Ddi. der Sprosspol bildete zunachst die aufstrebenden Phyl- 
loide, und der ^GcgenpoE dieebenfallsgabeligverzweigtenundden Phyl- 
loiden ausserst ahnliclien Kriechtriebe, wie wir sie etwa bei Rhynia (Fig. 3) 
finden. Spater, als die Telome sich differenzierten und teilweise iibergip- 
felten, wurde die eine Gabelhalfte des Sprosspols zum 1 . Blatt (Kotyledo) 
und die andere Halfte zum eigentlichen Primar-Spross (der natiirlich wie 
bei den Dikotylen) ebenfalls mit einem weiteren Kotyledo beginnen kann. 
Ob es unter den fossilen Formen Faile gibt, in denen normalerweise auch 
nach der phylogenetisch erworbenen Ubergipfelung beide Gabelhalften 
des Sprosspols einen selbstandigen Spross geliefert haben, muss dahin- 
gestelit bleiben. Tmesipieris zeigt als Regelform noch einen Anklang. 

Die Organe des ,/}egenpois'’ behieiten offenbar noch langer den gabeli- 
gen Grundaufbau bei, auch als sich specifischere unterirdische Organe, wie 
die (von Anbeginn sich gabelnden) Stigmarien und die Wurzeln aus ihnen 
entwickelten. Hirmex^ (1934) hat so m.E. mit gutem Grund noch fiir die 
Lepidophyten angenommen, dass der Embryo am Gegenpol immittelbar ge- 
gabeit war und diese Gabelaste zu den Stigmarien wurden. 

b Ich stimmc Hirmer (1934) aucli darin bei, dass an sich. anch eine 2. (von 
Troll in idealistisch-morphologischer Form entwickelte) Ansicht phylogenetisch 
denkbar ware, dass namlich von vornherein bei den Ptcridophyten der „Gegenpor* 
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\usserdem hat die Phylogenie jedoch den „Gegenpol” des Embryos be- 
fslSV auch noch verschiedenartige Embryonalorgane zu hefern die die 
Ernahrung des Embryos ans dem Gametophyten (auf dem der Pteridm 
phyten-Sporophyt bekanntlich zunachst „parasitiert ermoghchen. Es 
S das das .dlaustorium”, ein Organ znr unmittelbaren Nahrungs- 
zufuhr, sowie der ..Suspensor”, der den j ungen Embryo in erne geeignetc 
Frn.hran-slage bringt. (Auf die wurzelhanbenahnliche \ erlangerung des 
Suspensors d!r Angiospermen kann nur anliisslich Fig. 6 hingewiesen 

SolsAei den ja allgemein von den iibrigen Pteridophyten amstarksten 

abLchendenheutigen Lycopsiden (vgl. Fig. 6 im Laufe der 

Phylogenie die Embryogenese am starksten abgewandelt worden. Hier 

g^abelt sich vor allem der Gegenpol nicht mehr in 20rgane, sondern er wird 

^^'im “SigT habrnTe' Organ-determinierenden Reize offensichtlich 
im Laufe der Phylogenie mehrfach ihre Lagebeziehung zu den Achsen der 
Se^' bzw. der Archegonien gewechselt. Die beiden Pole konnen vollig 
vertLuscht werden. Das geht wohl aiis den in Fig. 6 wiedergegebenen Ein- 
bryonalstadien (exoskope Lagerung Fig. 6A endoskope Lagerung Fig. 6B, 
C u. El zur Geniige hervor. Die determinierenden Reize werden „verlagert . 
Solche phylogenetische ..Verlagerungen” determinierender Reize mussen 
wir ia vklfach annehmen (vgl. z.B. Zimmekmann 9d5) . Sie entsprechen den 
modernen entwicklungsphysiologischen „Homoplasie -Voistcllungcn. 


Die Phylogenie ist verschieden fiir den makrophyll belaubten Pteio- 
spross” (Fig. IF), wie wir den Spross-Typ der pteridophytischen Pteropsi- 
den einschliesslich der Pteridospermen nennen wolien, und fur den mikro- 
nhvll belaubten Lycospross” bzw. „Sphcnospross” der Lycopsiden b/w 
Articulaten (Sphenopsiden) Die ausseii-morphologische Umbildung (etwa 
die Bildung der Sprossachse durch Obergipfelung) hangt zwar jeweils aufs 
innigste mit einer anatomischen Umgestaltung zusammen, und beide 
Wandlungen machen sich gegenseitig erst verstandlich. Aus techmschen 
Griinden nehme ich aber auch hier die Darstellung der ausseren Gestalt 

vorweg. 

Haustoriun^rtige Bildungen erzeugt hatto. Dass solche Haustoricn sehr alte 
Bildungen Sind, ist kaum zu bezweifeln. Wenn man abcr entsprechend der .,homo. 
morphen” Entstehung des Generationswechsols annimmt. class der ame op v 
und Sporophyt urspriingJich selbstandige Bildungen waren, kann da^^s '"f . 

nur eine sekundare Bildung sein. Dio phylogenetische Memungsditlerenz besteh 
also nur in der Frage, warm sich das Haustorium herausgcbildet hat, ob es also 
etwa entsprechend dieser Theorie schon sofort beim Parasitisoh -werden es 
Sporophyten entstanden ist. Wie betont, ist mir — in Ubercinstimmung ini 
HiRMER diese Auffassung unwahrscheinlich. 
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a) Pierospfoss {missere Gestalt) (Fig, 7 F) 

Ftir die Entsteinaiig des Pterosprosses (Fig 8) liegen so vie! Daten vor, 
dass heiite in fast ubereinstimmender Weise die Beteiligung folgender 4 



Fig. 7. — Di« wichtigsten Spross-Typen : A. Ausgangstyp (Gabeltriebe), 
Holzkdrper = Protostele; B. Ubergangsform zum Gabelblatt-Spross; 

C. Gabelblatt-Spross, I-Iolzkorper = Plektostcle; D. Lycospross. Holzkor- 
per = Aktinostele; E. Sphenospross. Holzkorper = Eustele; F. Ptero- 
spross. Pfolzkorper = Siphonostele ; G. Pterospross (Anklang an die Angios- 
permen- Ausgestaitung : „Angiospross”) Holzkbrper — Eustele. Das 
Protoxylem ist jeweils durch einen dunklen Punkt aiigedeutet. 

Vorgange, die wohl ,,Elementarprozessen'’ (vgl. Zimmermann 1935, S. 244) 
entsprechen, angenommen werden: 

1) der A g g r e g a t i 0 n, 

2) der t) b e r g i p f e 1 u n g und 

3) der seitlichen V e r vv a c h s u n g {„S y n g e n i e”) der Telome 
und Mesome, 

4. der R e d u k t i o n von Organen und Organteilen. 

Gerade hier ist es niitzlich, dass wir uns die einleitend (S 558) erwah.nte elemen- 
tare Erkenntnis, worauf die phylogenetlsche Wandlung bernlit, Mar vor Augen 
stellen: So wie bci der Vererbung nicht „Eigenschaften'' sondern „Erbfaktoren'' 
libertragen werden, so wandeln sick auch in der Pliylogenie niclit die fertigen Organ- 
gestalten bzw. ihre Eigenschaften ineinander, sondern es wandeln sick die dazu- 
gehorigen Erbfaktoren. Wenn wir also etwa sagen, die einzelnen Telome (vgl. die 
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4- ETr PteridoDhvten Fig. 3) seieii in der Pliylogeme „aggregiert';, ^uber- 

Gestalt des Ur-Pter i of dies nur eine abgekiirzte Ausdrucksweise. fat- 

gipfelP Oder „verwac p^vloeenie die Frbfaktoreii gewandelt, so dass bei den 

a„’i.«.lUg=n Ont„g«to 

SinrSen 0"bSn.“ S ..Wipfett." -J" ,.v.™.ch...d" 

Teile anfgetreten sind. 

Die Aggregation ftihrt zur Anhaufiing von Telomen oder Telom- 
standen dadurch, dass die sie tragenden Mesome sjcli vcrkxirzen oder aus- 
f alien. Die Mesome erfahren also hinsichthch ihrer Streckungsfalngkeit 


iG 8 Fntstehung eines Fiederblattcs oder Sprosses dnrcli Dbeigipfelung 
einfachc Fiederung Untere Reihe zn^ammengesetzte 
ZtMMERMANN 1930, S. 61, ADD. AU. 


ne Arbeitsteilung. Einige bleiben streckungsfahig wie alle Mesome der 

r-Pteridophyten. andere bleiben kurz. ^ , c.. rv, 

Schon allein eine lokalisierte Aggregation kann zu emer Art Stamm- 
)wie Zweig- und Blattbildung fiihren, wie das Psetdosporochnus 
rejcii 1), eine tJbergangsform zwischen Rhyniaceen mid Pteropsiden. an- 


V Krausel and Weyland (1933 S. 17) tneinen, dass meinc (u.a. auf 
,rochnus KvejlH) sich stutzenden merkmalsphyletischen Ansicliten die 

immbildung. z.B. uber die zunehmende Stammhdhe, 

ige kommt. anf recbt schwacher Grundlago steben”. Sie begrunden das dai , 
ss manche z.B. von PoTomt als Pseudosporochnus Krejht angesprocliene 
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sclaauiicli macht. Meist verl^indct sich die Aggregation aber mit anderen 
Umbildungsvorgangcn, wic bci ])rimitivcn Pteridophytenblattern (z.B. 
SSenophylluni ,, Fig. 13 u.a.) dcutlich ist. Ein besonders deutliches Beispiel 


Fig. 9. Entstehung eines Fiederblattes mit wechselstandig gestellten Fiedern 
(obere Reihe) und mit gegenstandig gestellten Fiedern (untere l^eibe) , 


Fossilien vielleicht gar nicht zu dieser Art gehort batten, nnd dass die betr. Stamme 
vielleicht kein Sekundarholz besessen batten. 

Bis zum Beweis des Gegenteils wird man Krausel u. Weyland in den beiden 
letztgenannten Annabmen beipflichten und es als eine zweifellos sebr verdienstvolle 
Aufgabe bezeicbnen diirfen, solcbe Fragen zu klaren. Ich sehe aber nicbt recht, 
weicben Einfliiss eine solcbe veranderte Erkenntnis auf meine raerkmalsphyleti- 
scben Schliisse baben konnte. Wer glauben sollte, dass eine palaeobotaniscb- 
systematische Umstellung eines P'ossils aus einer Korniopbytengruppe in .eine 
andere einen derartigen inerkmalsphylogenetiscben Scbluss beeinflussen kdnnte, 
der bat den Kernpuiikt der merkmalspbyletiscben Schlussweise nicbt erfasst. 
Denn diese ist unabbangig von solcben Sonderfragen der Systematik und der 
Nomenklatur (z-.B., wie hocb ein Stamm sein muss, ob er Sekundarbolz besitzen 
muss, daniit man von einem ,,Baumchen'’ reden darf, vgl. dazu die verscbiedene 
Auffassung von Moll und Bremekamp). 
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der Blattbildung dutch Aggregation (und Verwachsung) sind ubrigens^die 
Bimefvon Cofddtes. Bei dieser palaeozoischen Samenpt lanze sxnd die Ga- 

belungen derart an der Blattbasis gehauft, dass die Blattflache parallel- 

""Tuf rhyteh wiederholter Aggregation bzw. ..Ausfall von lnterno- 
^ ” Sn htauch ein sekundarer Umbildungsprozess im Gefolge der 

tbcrgipfelung d.h. die gegenstandige bzw. wirtelige Seitenorganste lung 
Tn SprtogHch wechselstandig gebauten Fiederblattern und Sprossen 

(Fig. 9 8^iu^9) ist ein fiir Pterosprosse besonders 

typischCT to^Totonie erkannter Umbildungsprozess. Die beiden Schwe- 

sStrieS(MesomeoderTelome)em 

1 a twa ^leichwertig waren, warden ungleichwertig. Der eine Schwe- 
noch wird kraftiger und stellt sich als Ach- 

stertrieb (in Fig. ^wipfelt”. Der andere Schwestertrieb (in Fig. 8 
S - bSichnltj'wW als Seitcaorgan beiseite gedringt, ,.er witd liber- 

^^?n dner Sprossachse bilden so die iibergipfelnden Mesome die Intern odien, 

A Hip libereipfelten Mesome bilden die Basis, bzw. Stiele der ansitzen- 
den Subblatter Innerhalb des Blattes bilden die iibergiplelnjn Mesome 
die Rhachis die iibergipfelten Mesome bzw. lelome dagegen die Fiedtrn. 
Diese dnd iibrigens bei durchgeliihrter Ubergipfelung genau so fiedrig ge- 

" M:ru“.rdlXg.ltlscbo„ bd m.«cbaa a.ischen den Psi- 
1 h +p,i Tind Pteropsiden vermittelnden Formen, wie den mitteldevoni 
sc£ Gattungen Aphyllopteris und Protopteridium. Vollendet sehen wir sie 

-f - r 

stabidlicl dass namentlich bei den altesten Pteridophyten vi^^^^^^^^^^ 

beiden nicht nnterschieden werden kann, und dass aut . . 

Farnwedeln'oft Achsenmerkmale anklingen. Ja sogar bei Angiospermei 

charakterisierengemeinsameEigentumlichkeiten den Spross-und Blattau - 

bamtSBUi^HNundZ^^^^^^^ 

Bemerkenswert ist die Umbildung der Auszweigungsebene. Bei der 
Spross und Blatt gemeinsamen Ausgangsform war ^ 

eraesebenebevorzugt. Wie bei einem Busch standen die Seitentiicbe na 

Lief Richtungen ab, die Verkettung war radiar. Die ..WPischen Spro - 
und B^SL welche sich aus dieser Urgestalt herausentwickelt haben, 

-I7^-;;iylogenetischeAnschauun^ 

Gestalt sowohl fur den Spross wie fui das Blatt sU.ht naturlxe ^^e^erdings 

wie sachlich in ausgesprochenem ^egensatz zurBRAUNsc ion. - 

von XROLC vertretenen RicMung der ideahstischen 

gestalteten Stengel und das « limine flachige Blatt als ..wesontUcli verschxe . 
Teile” ansieht. 
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unterscheiden sich bekanntlicli hinsichtlich ihrer Auszweigungsebenen, die 
sie bei der Ubergipfelung erhaltcn haben. Die Spr osse sind entspre- 
chend ihrern iirsprungiich aufrechteii Wuchs (von sekundaren Umbildun- 
gen abgesehen) r a d i a r. Hire Auszweigimgen stehen, wie die Gabeln der 
Ur-pteridophyten, allseitig ab. Beim iichtfangenden B 1 a 1 1 dagegen wer- 
den die libergipfeiten Auszweigungcn in enie einzige Ebene gelagert. 

Die heiite vorheiT.sche7iden „Typen/' scliliessen selbstverstandlicla die Existenz 
von abweichenden X^ormen nanientlich in friiberen Zeiten nicht aus. Im Gegenteil, 
wir kennen gerade aLs Belege der ]>hylogenetischen Umbildnng eine Reihe von Ab- 
weichungen. Z. B. ordnen sich bei Pyotoptericlhim hostimense Krejci und bei man- 
chen „flabellateD/* Lycopsiden-Sprossen auch noch nicht iibergipfelte Triebe in 
einer einzigen Ebene. Das zeigt, (lass Ubergipfelung und diagram matische Ver- 
schiebung selbstandige Elcmeiitarproz(}sse sind, die sich zeitlich unabhangig von- 
einander wandeln konnen. Fcrner werden wir unten eine Anzahl von „Wedeltypen" 
zu nennen haben, bei denen die flachige Ausbildung noch nicht fertig durchgefiihrt 
ist. Selbst fiir die basalen Fiederchen (der devonischen Archaeopteris- Aiten, die auch 
in ihrer Gestalt als Cyclopteris-khnlichid „ Aphlebien" abweichen, vermutet Nathorst 
(1904 S. 17) eine radiare Stellung. Und bei der Verkettung von Sporangien und 
Phylloiden ist eine ^cruciate’- Verzweigung sogar'recht haufig (vgl. Ophioglossaceae 
und Lycopsiden). Schliesslich sei daran erinnert, dass selbst heute noch Blatter wie 
die von Tmesiptevis und Iris ,,rcitcn” bzw. sich in einer zur „typischen’' senkrechten 
Ebene ausbreiten. 

Sowolil fiir <ien Spross wie fur das Blatt herrscht dabei die Rcgel, dass 
die aufeinanderfolgenden Auszweigimgen raoglichst fern von einander ent- 
springen, dass sie also mdgiichst nicht iibereinander stehen. Daswirdim 
Raume (bzw. beim Spross) durch die Limitdivergenz (137-| Grad), in der 
Ebene (bzw. beim Blatt) durch eine -i-Stellung (180 Grad, alternicrende 
Fiederimg) crreicht. 

Besonders die zahllos uberliefcrteii Pteridophylle zeigen auchviele, hier 
zu itbergehende Einzelheiten dieses Ubergipfelungsproz esses, wie die im 
Palaeozoikum fast ausnahmslos vorherrschende und aus der Ubergipfelung 
sich ergebende Katadromie (Fig. 8c), wahrend bei den heutigen Pterido- 
phyllen sich vorzugsweisc ein anadromer Aufbau (Fig. 8/) vorfindet. 
(Naheres vgl. ZiMMERMANX 1930, S. 61 ff.). 

Die Syngenie (seitliche Verwachsung) ist am anschaulichsten inner- 
haib der Blatter zii verfolgen. Der einfachste Fall besteht in einer rein 
parenchymatischen Verwachsung, wie sie etwa durch die Fiederchen von 
Peeopieris (Fig. 10 und llo) ausreichend gekennzeichnet ist. Es konnen 
aber auch die Leitbiindel miteinander ^^verschmelzen'’, d.h. das Paren- 
chym wild zwischen ihnen nicht mehr ausgebildct. Lokale Verschmelzim- 
gen fiihren durch ■\Iaschcnbildung zur Netzaderung, die zwar fiir den ,,An~ 
giospross’' (vgl. Fig. 7G) besonders typisch ist, aber auch schon sparlich seit 
dem 0. Karbon innerhalb der Pteridophyllen (vgl. Fig. 1 Ir, u, %) auftritt. 
Uber die Verschmeizung in der Sprossachse vgl. unten S. 591 ff. — 

Die phylogenetische Reduktion von Organen und Organteilen 
besteht darin, dass diese in der Ontogenie nicht mehr ausgegliedert werden. 
Teilweise und vollige Reduktion sind sehr verbreitete phylogenetische Ver- 
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anderungen. Aggregation und Syngenie sind Spezialformeii der Reduktion. 

Pteridophylle. Die Haupttypen, der sclion lange von den Palaeo- 
botanikern unterschiedenen palaeozoischen sind besonders 

anscliaiiliche Beispiele fiir die versciiiedenartige Konibination der soeben 
genannten Umbildungsvorgange. Allerdings kiingt gerade bei diesen pa- 
laeozoischen Pteridophyllen die Organisation der Ur-Pteridopliy ten, na- 
mentlich die gabelige Verkettung der Triebe noch vielfacli nach. So sind bei 
altertlimlichen Wedeln (aber anch bei heute ,,lebenden Phjssilien’’, wie 
Matonia und Dipteris) die Wedelaehsen 1. oder folgender Ordnung (vgl. 
Ing. lOP) gegabelt. Gegabelt sind ferner racist die letzten Auszweigungen, 
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Fig. 10. Pteridophylle. — A. Pecopteris vestita Lesq. — P, lanvurensis var. all’ 
gheny: Kittanning Group Mazon Creek, Illinois, Westphai I>. Nach einer freund- 
lichst von Herrn Darrah uberlassenen Photographic. — ii. Palmatopteris furcata 
i.typica, als Beispiel der Diplotmenia-Y evzwQigung. O. Karbon. Aus Potonie 1904 
Lief. II, 21, S. 3. — Typisch tur Palmatopteris ist die kraftige Eritwickluiig der 
katadro.men xAbschnitte bei starker Verkiirzung der katadromen ,Jnternodien”. 

bzw. wir erkennen bier eine Gabelnervatur (Fig. 10/1). Audi die an 
palaeozoischen Wedeln so vielfach festzustellende ,,flexuose” Rhachis(z.B. 
Pig. 1 OB links) ist ein Anklang an die Achsengabelung. 

Wir wollen die Verkniipfung der verschiedenen Elcmentarprozesse erlautern, 
indem wir an Hand der Fig. 1 1 die Fiederchen der wichtigsten palaeozoischen Pte- 
ridophyllen kurz charakterisieren. 

I. Archaeopteri s-G r u p p e, Ohne ausgepragte tjbcrgipfelung inner- 
halb der Fiederchen. 

1) Archaeoptevis {a) Dawson. Charakteristisch fiir Devon, Gabeltyp. Phyiloide 
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Vergr. 3,2 X . — c) Rhacopteris petiolata Goepp., U. Karb., aiis Kidston 1923, S. 213, 
Textfig/lO u. Taf. 53, Fig. 3a, nat. Gr. ~ d) Rhacopteris lindsaeformis Bunb., U. 
Karb., Aus Kidston 1923, Taf. 49, Fig. 4, Vergr. 1,8 X . — e) Odoniopteris alpina 
(Sternb.) Gein., O. Karb., aus Potonir 1904, Lief. 11, 22, Vergr. 2,3 x . 

2- Reihe Spbenopteri s-G r u p p e : /) Aneurophyton germanicum 
Krausel u. Weyland, U. Devon, Kirberg. Original nach von Herrn Prof. Wey- 
LAND freundlichst liberlassenem Material unter Benutzung der Zeichnungen und 
Angabenin Krausel und Weyland 1923 u. 1926. Vergr. 1,4 X . g) Sphenopteru 
dium (Rhodea) Smithi (Kidst.), U. Karb., aus Kidston 1923, Taf. 57, Fig. 2a, 
Vergr. 1,6 X. — h) Sphenopteris (Diplotmema, Palmatopteris) furcata vax. compada 
(Goth.) Brgt., Duttweiler, Original Geol. Inst. Ttib. Vergr. 1,6 X . — i, k) Sphenopte- 
ris Hoeninghausi Brgt. var. larischiformis Pot., O. Karb., aus Potoni:^ 1890, Taf. 9, 
Fig. \a, Vergr. 2,3 X . — Sphenopteris Norinii Halle, Perm, aus FIalle 1927 
Taf. 12,' Fig. 5, Vergr. 2,3 X.— l) Mariopteris muricata Zeiller, O. Karb., West- 
phal. Saarbr. Sch. Gersweiler bei Saarbriicken., Orig. Geol. Inst. Tiib. Vergr. 0,4 x. 

3. Reihe Pecopteri s-G r u p p e (ausser q, u. r ) : m) Ovopteris pecopteroi- 
des Landescr., O. Karb., Rotl., aus Potonie 1906, Lief. IV, 61. Vergr. 1,4 x . — 
n) Neuroptevis. — o) Pecopieris vestita (vgl. Fig. 10), Vergr, 1,8 X — p) Pecopteris 
Armasi, Zeiller, O. Karbon, aus Kidston 1925, Taf. 135 ,Fig. 2a, Vergr. 4,3 x . — 
q) Alethopteris lonchitica Ung., O. Karb., aus POTONi'i 1913, Lief, IX, 161, Vergr. 
1^4 X. — r) Palaeomeichselia Defvanoei Pox. u. Goth., O, Karb., nach PoxoNii: 
1909, Lief. VI, 116, Vergr. 3 x . 

4. R e i h e C a 1 1 i p t e r i s u. L o n c h o p t e r i s : s) Callipteris strigosa 
Zeiller, Rotliegendes, aus Zeiller 1898, Taf. 4, Fig. 5, Vergr. 1,4 x. — t) Calli- 
pteris conferta Brgt., Rotliegendes, aus Potonie 1898, Vergr. 0,5 x . — zAj Loncho- 
pteris Bvicei Brgt., O. Karb., aus Gothan (Potonie 1909) Lief. VI, 1 18, Vergr, 1,6 x . 

5. Reihe Seitliche Fiederverschmelzung (Taeniopte- 
ris Gruppe u.a.) : v) Desmopteris serrata Goth., O. Karbon, aus PoTONiii 
1906, IV, 65, Vergr. 1,8 X. — w) Desmopteris Integra Goth., O. Karb., aus PoTONi:fe 
1906, IV, 65, Vergr. 1,8 X. — x) Palaeoweichseliayuani Sze, (Fiederchenausschnitt) 
O. Karb., aus Sze 1933, Taf. VI, Fig. 6, Vergr. 5,5 X . 

oft deutlich aggregiert und verschieden stark miteinander verwachsen. Formen mit 
starker Verwachsung und kraftiger Entwicklung der in der Fiederchen-Achse lie- 
genden Partien werden bei rhombischem Umriss als Falaeopteris'^) odcrals 
tites Goepp. und bei mehr rundlichem Umriss als Cavdiopieris Schimper unter- 
schieden (vgl. unter 3 auch die ahnliche Neurodontopteris) , 

2) Rhacopteris Schimp. [c u. d) Gabeltyp durch cine ver.starkte Ausbildung der 
anadromen Abschnitte eines Fiederchens modifiziert. („einseitigc Symmctrie" nach 
Goebel 1928, S. 250 ff.) Phylloide verschieden .stark miteinander verwachsen. 
Aehnlich ist schon der ^Spiropteris'* -Ty-p bei Protopteridimn (M. Devon). 

3) Odoniopteris Brgt. [e) In der Aderung noch Gabeltyp, Phylloide wie bei 
Adiantiies und Cardiopteris stark verwachsen und Mittelpartie des Fiederchens 
kraftig eiitwickelt. Fiederchenbasis breit verwachsen, wodurch der Umriss pecopte- 
ridisch wird. Bei der ahnlichen Neurodontopteris i.st — als Paralielform zu Keuvo- 
ptevis — die Fiederchenbasis eingeschniirt. 

n. Sphenopteri s-G r u p p e. Deiitliche Ubergipfelung. Aber basale 
Pliylloidgruppen immer noch kraftig entwickelt, wodurch sich ein kcilfbrmiger Ge- 
samtumriss ergibt. 

4) Sphenopteridium Schimper {= Rhodea Presl) (g) Schimp. Phylloide vollig 
frei und schmal, so dass Fiederchen letzter Ordnung einnervig sind. Aehnlich, aber 
wohl nicht ganz in einer Ebene ausgebildet ist Aneurophyton (/). 

5) Sphenopteris Brgt, Phylloide etwas flachig verbreitert odor mehr oder 
minder miteinander verwachsen (h--k). 

^) Die Definition fur diese einseitxge Asymmetrie Goebels, dass sich nur ein 
Gabelast, etwa der llnke, jeweils weiter gabele, ist allerdings nicht ganz zutreffend. 
Die Asymmetrie kommt bei solchen Pteridophyllen durch eine ungleich grosse 
Streckung und ungleich starke Gabelung zustaiide. 
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6) Mariopteris Ze:iller (/) Phylloide raeist ziemlich stark verwachsen. Im iibri- 
gen aber insofern primitiv, als namentlich in basalen Teilen der Fiedern die tlber- 
gipfelung noch nicht vollig durchgcftihrt ist. So ist z.B. an den basalen Fiederchen 
der basale katadromo Abschnitt raeist sebr stark entwickelt, d.h. fast so kraftig wie 
der ganze iibrige Teil des Fiederchens, wodiirch das Fiederchen noch annahernd 
gegabelt aussieht. Ahnlich zeigt auch der Gesamtwedelaufbau^ „Diplotmema 
Siyukhr/’ (vgl. Ing. 10). D.h. je 2 Gabelpaare von Fiedern sind aggregiert, bzw, die 
katadromen Phedern 2. Ordnnng, die an die Gabelung anschliessen, sind besonders 
kraftig entwickelt. 

7) Diplotmema Stur. (und ahnlich auch Palmatopteris Pot.) mit dem eben ge- 
nannten „diplotmematischen” Wedelaufbau, aber typischen Sphenopteris-Fiedex- 
chen, d.h. mit deiitlicher Ubergipfelung und meist schwacherer Verwachsung der 
Phylloide als bei Mariopteris.- 

III. l^ecopteri s-G r u p p e. Phylloide eines Fiederchens stark bis vollstan- 
dig verwachsen. Die basalen Phylloidgruppen so weit reduziert, dass sie nicht mehr 
krS,ftiger entwickelt sind als die von den mittleren Abschnitten der Fiederchen- 
achse ausgehenden. Dadurch ladt das Fiederchen an der Basis nicht mehr so breit 
aus wie bei Sphenopteris. 

8) Neuropteris Brgt. (w) Fiederchen an der Basis eingeschniirt, also nicht mit 
der tragenden Achse verwachsen. Sonst ahnlich wie Pecopteris, Die Cyclopteris 
Brgt. genannten Fiederchen haben sich als Teil von Neuroptevis-y^ edel u.a, 
Pteridophyllen erwiesen. Ovopieris (m) vermittelt durch eiformige Fiederchen 
zwischen Sphenopteris und Neuropteris. 

9) Pecopteris Brgt. (o, p) Seitenkonturen des Fiederchens relativ parallel, 
Parenchym der Basis mit der tragenden Achse breit verwachsen. 

IV. Alethopteri s-C allipteri s-G r u p p e. Merkmale der Pecopteris- 
gruppe. Die basalen Phylloidgruppen der Fiederchen sind aber auch in ihrer 
Aderung mit der tragenden Achse verw^achsen, so dass diese Fiederchen hzw. ihre 
Adern als jjNebenadern" oder „Zwischenfiedern" ^) aus den Achsen entspringen. 

10) Alethopteris Ster-sbo. (q). Nur Nebenadern. 

11) Callipteridiuni Weiss Umrisse der Fiedern pecopteridisch. Nebenadern u. 
Zwdschenfiedern. 

12) Callipteris Brgt. (s, t) Phylloide teihveise nicht (s), teilweise stark (^) ver- 
wachsen. Mei.st Nebenadern, immer Zwdschenfiedern. 

Eremopteris Schimper umfasst w^enige charakteristische Formen, die hierher- 
gerechnet warden kdimen, da sie Zwischenfiedern besitzen, aber durch Gabelnerva- 
tur zii Archaeopteris und durch Fiedergestalt zu Sphenopteris Yexmitteln. 

V. T a e n i o p t e r i s-G r u p p e. Sehr weitgehende Verwachsung der Phyl- 
loide zu einem schwach oder gar nicht unterteilten Wedel. 

13) , Desinopteris {v, w) Pot. bzwn Validopteris P. Bertr., zwischen Pecopteris 
bzw. Alethopteris und T aeniopteris vermittelnde Formen. 

14) T aeniopteris Brgt. und Lesley a Lesq. Charakter der Gruppe. Die meisten 
(namentlich mesozoischen) Formen zu den Cycadophyten, Benetittales usw. gehorig. 

VI. N etznervaturgruppe. Der Uebersichtlichkeit halber fasse ich hier 
einige Parallelformen zu den vorangehenden Gruppen znsammen, die sich durch eine 
anastomosiereiide Verwachsung der Leitbtindel in den Blattflachen auszeichnen. 

15) Linopieris Presl Parallelform zu Neuropteris. 

16) Palaeoweichselia {f) Pot. u. Goth. Parallelform zu Pecopteris. 

17) Lonchopteris Brgt. (u) Parallelform zu Alethopteris. 

18) Pecopteridium P. Bertr. Parallelform zu Callipteris. 

19) Gangamopteris Me Coy, ahnlich wie Glossopteris, aber noch ohne deutliche 
Mittelader. 

20) Glossopteris Brgt. Parallelform zu mit vollig zu einem einzigen 

Wedel verw'achsenen Phylloiden. 

Anhangsweise sei noch auf die fVphlebien-artigen Bildungen verwiesen, 
Basalorgane der Fieder, die oft noch typisch primitive Organisation auf- 

^) Zwischenfiedern hatte schon Archaeopteris fissilis (Fig. \ I a). 

^) Vgl. Hirmer 1927, S. 573 u. 690 sowie Browne 1935, S. 428/. 
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weisen, wie wenig vcrwachsene oder ubcrgipfelte PhylJoide. Ein charakte- 
ristischer Fall sind z.B. die katadromen Basis-Fiederchcn von Ovopleris 
Weissi, die nach Potonie (1903, Nr. 8) ^,aphleboid'\ gestaltct sind, d.h. 
einerseits aiis stark zerschlitzten Teilen ziisammengesetzt und andererseits 
wie bei Mariopferis gegen die katadrome Seite massiger entwickelt sind. 

Fine prinzipiell ahnliche Bildung ist die Entstchung ven Deckbiattern 
als ,,Tragbiatter'' achseistandiger Seitensprosse. Wie Scott (1912, S. 60) 
fiir Ankyropteris [Zygopteris) ausftihrte, wird das 1 . Blatt des iibergipfclten 
Seitensprosses zum Deckblatt, D.h. infoJge Aggregation wird das unterste 
Internodium so weitgehend unterdriickt, dass das 1. Blatt an der liber- 
gipfelten Hauptachse zu sitzen kommt (vgL Fig. 19^?). 

b) Lycospross und Sphenospross (Fig. 7D und E). 

Die Phylogenie dieser mikrophyll beblMterten Sprosse ist luehr umstrit- 
ten als die Phylogenie des Pterosprosses. Doch lasst sich auch hier diese 
Frage wenigstens klaren, wenn man sich, wie imrner bci naturwissenschaft- 
iich umstrittenen Fragen, zunachst vor Augen halt, welche Erklariings- 
m o g 1 i c h k e i t e zi uberhaupt vorliegen und sich dann zur wahrschein- 
lichsten Erklarung bekennt. — 

Drei (nur dreil) Moglichkeiten gibt es, wie ein Lycospross oder Spheno- 
spross in der Phylogenie entstanden sein konnte: 

1) entsprechend der Syngenie-Hypothcse (Verwachsungs-Hypothese, 
Fig. 12A). 

2) entsprechend der Rediiktions-Hypothese (Fig. 12B). 

3) entsprechend der „Epigenie''-Hypothese (Fig. 12C). 

Wenn wir eine dieser 3 Hypothcsen abiehnen, sagen wir damit, dass eine 
der beiden anderen Hypothesen wahrscheinlicher sei. Wir beschranken uns 
bei der Besprechung zunachst auf die besonders umkampfte Phylogenie 
der Lycosprosse. — 

Nach der S y n g e n i e-H y p o t h e s e (Verwaclisungshypothese), die 
ich fiir die wahrscheinlichste halte, waren Ausgangsformen entweder noch 
Pteridophyten vom Rhynia-Typ, oder sie besassen schon mit Gabelbiat- 
tern belaiibte Sprosse wie Fig. 7C (und 12/1). Die Verwachsiing (Syngenie) 
bestand dann darin, dass die durch Ubcrgipfelung seitlich gesteliten gabe- 
ligen Seitenorgane so mit der iibergipfeinden Sprossachse „verwuchsen'', 
dass nur die aussersten Blattspitzen, die Telomc, als einnervige Nadel- oder 
Schuppenblatter freiblieben (Fig. 12A), 

Nehmcn wir rein gabelige Ausgangsformen wie die Ur-Pteridophyten an, 
so bedeiitet das, dass sich die Syngenie gleichzeitig mit der Ubergipfelung 
abgespielt hat ^). Fur die ^Itesten Vertreter des Lycospross-Types, wie z.B. 
fiir Asteroxylon kann naan an eine derartige Entstehung denken. Fiir die 


Vgl. z.B. AphleUopteris Goth. u. F.Z. 


W. ZIMMERMANN, PHYLOGENIE 


587 


+vTiischen Lycopsiden ist niir allerdings eine andere Modifikation der Syn- 
glnie-Hypothese wahrscheinlicher : dass sich zunachst dutch Ubergipfelung 

ein gabelblattrig belaubtcr wms/l V\l i'l WU. I/, 

Sprosswie Fig. 7C gebilclet 
bat, und dass erst spater 
die Syngenie eingetreten 
ist. Denn bei den altesten 
Lycopsiden findeii sich ja 
typisebe Sprosse mit Ga- 
belblattern. 

Wahrscheinlich hat je- 
weils bei der Umbildung 
durch Syngenie eine ge- 
wisse Reduktion eingesetzt 
d.h., die Zahl der Gabelun- 
gen an den Seitenorganen 
ging entsprechend der an- 
schliessend geschilderten 
Reduktionshypothese zu- 
ruck. Oberhaupt steben 
sich Syngenie- und Reduk- 
tionshypothese durch die 
g6rn.6insErii a-ngcnomixicnc 
„makrophylle” Ausgangs- 
form (bzw. ihren gabelig- 
thallophytischen Vorlau- 
fer) gegenseitig nahe, sie 
stehen aber im Gegensatz 
zur Epigenie-Hypotliese. 

Um den Anteil der Synge- 
nie- und Reduktionshypo- 
these zu sondern, musste 
man die phylogenetische 
Umbildung mehr in den 
Einzelheiten verfolgen, als 
das zur Zeit nioglich 
ist. 



B. Reduktions-Hypothese 


I 

i 






t 



C. Epigenie-Hypothsse. 

Fig. 12. P li y 1 o g e n i e des „m i k r o p h y 1- 
len” Lycosprosses nach den drei einzigen 
moglichenHypothesen.- Dargestellt sind jeweils die 
AliLn- und Endform sowie eimp Zwisclienstufen. 
Bei der Reduktionshypothese sind die Zwisohen- 
stufen an der gleichen Sprossachse wiedergegeben. 
Die punktierte Linie gibt den Stelenyerlauf, bzw. 
den Verlanf des Protoxylems wieder. 


Um MissYerstandnisse, wie 

sie zum Beispiel Van Tieg- 
HEMs Verwachsungstlieorie vc^rmeiden muss noch- 

Oder PoTONii ’s Perikaulomtheorie ausgelpst_ habeiu . g^ischen „Ver- 

mals unterstrichen werden, dass es sich Pruchtknoten 

wachsungen” zu denen anch z.B. die Sy^^ftahe die unterst^digen 

u.a. gehdren, um kein nnmittelbares ou'togen i„o.p„etischen Ausgangs- wie 

standiger Teile handelt. Sondern sowohl bei der phylogenetischen Aus„a g 
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boi der Fndforni entstehen naturlich derartige Sprosse ontogeiietisch aus eineni 
bei der ^ vv^etationskegel Es unterbleibt aber am abgeleiteten Lycospross 
ungegliederten Vcg ^ . g ^ Ahnentyp noch frei und selbstandig 

dm aussere AusghederujgJo^^^^^ sich (wie beim ungeteilten Elachen- 

hlart^noch die ehemalige Zusammensetzung des Gebildes verraten, weil Elementar- 
prozesse, die beim Ahnentyp die aussere Gliederung gestaltet haben, nun die Ana- 
tomic der Sprossaclise gestalten. 

Die R e d u k t i o n s-H y p o t h e s e (Fig. 1 2B) schliesst eng an die 
Svngenie-Hypothese an. Beide Hypothesen nehmen die gleiche Ahnenform 
an- den Gabelspross. Znm Unterschied ist aber bei der Reduktions-Hypo- 
these jedes einzelne einnervige Nadelblatt ein Homologon eines makro- 
nhvllen Blattes, also Mer eines ganzen Gabelblattes. 

Die E p i g e n i e-H y p 0 1 h e s e (vgl. auch Fig. 19c) ergibt sich, wenn 
wir keine makrophyll beblatterte Urformen annehmen wollen. Sie rechnet 
damit dass die Blatter gleich wie Emergenzen („enations ) zu einer zu- 
nachst ungegliederten Achse hinzukommen und erst sekundm durch Aus- 
bildung ie eines Blatt-Nerven Anschluss an das Leitbundelsystem der 
Achse gewinnen. Ausgesprochenermassen haben z.B. Lignier und Domin 
fu a 1929 und 1931) diese Hypothese, iibrigens iiir samtliche 1 tendophy- 
tenblatter, vertreten. Ahnlich hat sich auch Bower 1935 ftir den Lyco: 

spross ausgesprochen. 


Zugunsten einer makrophylleii Ausgangsform und der S y n g e n i e- 

H V p o t h e s e sprechen vor allem . 

1) das Vorherschen makropliyller Formen bei den altesten (devom- 
schen und unterkarbonischen) Vertretern der Lycopsiden {?..B. Protolepi- 
dodendron, Barrandeina, Stenelia u.a., vgl. Zimmermaxn 1930, S. 130) und 
Her Articulaten (Hveniales, Sfhenophyllales, Aderocalmmtaccae), wahrend 
^esfFormen spater nicht m^hr vorkommen odor doch (wie z.B. Spheno- 
phylhm) auf eigenartige Seitenzweige am Stammbaum der Ptendopliyten 
beschrankt bleiben. Ja, es scheint mir bedeutungsvoll, dass innerhalb der 
gleichen „Gattungen” die alteren Vertreter gelegcnthch dcuthcher vei- 
zweigte Blatter besitzen als die jiingeren. wie das selbst ein Gegner der 
Syngenie-Hypothese, Krausel (1936, S. 310) fiir die Gattung Frotolept- 

dodendron ausfiihrt. .,,11 

2) Die Eigenart des Stelarbaus. gerade bei den altesten inikrophylien 
Formen wie Asteroxylon, Zimmermarn 1930a, S. (45) und Drefanophycus, 
Halle 1936, S. 9. Die Aktinostele fiihrt bier die „Verwacbsimg” des Blatt- 
Leitbiindelsystems mit der aus aus Gabelarmen sich zusamraensetzenden 
Achsen-Stele bzw. den gegabelten Blattspurstrangen (ahnlich Fig. 12^ 
reebts) unmittelbar vor Augen. Auch Halle betont,^ wie schwer diesCT 

Befund mit der frliher von ihm selbst vertretenen Fpigenie-Hypotliese 

zu vereinbaren ist. , . . . * ^ ^ 

3) Die Verknupfung von vegetativen und fertilen Teilen in den aen 
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Blattern homotoperi Sporophyllen, wie sie z.B. fiir die Lycopsiclen und 
vieie Sphenopsiden charkteristisch ist. Diese Verkettung von Phylloideii 
und Sporangien lasst fiir beide Telome eine ubereinstimmende Geschichte 
erwarten. Das aber wiirde bei Aiinahme der Epigenie-Hypothese die ganz 
unbegriindete Annabme veranlassen, dass auch die Sporangien Emergenz- 
Charakter batten. Dagegen ist die Ableitung eines derartigen Sporophylls 
aus den Ur-Sporangienstanden der Kormophyten sehr leicht (Fig. 18). 

4) Bei manclien Pflanzengruppen (vor allem bei Angiospermen) ist un- 
verkennbar, dass reduzierte nadel- und schuppenformige Blattbildungen 
auf diesem Wege der Flachenverkleinerung von einem makrophyllen Typ 
aus zustande gekonimen sind. 

Ich kenne dagegen kein einziges phylogenetisches Argument zugun- 
sten der Epigenie-Hypothese. Andeutungsweise wurde von ihren Anliangern schon 
angefiihrt, dass auch in der Ontogenie die mikrophyllen Blatter (wie alle Seiten- 
organel) epigenetisch, als venations’', d.h. als Ausstiilpungen an einem einheitli- 
chen Vegetationspunkt entstehen. Wolite man mit diesem Argument ernst machen, 
so miisste man anneiimen, dass alle Blatter (auch die makrophyllen) sowie die Sei- 
tenzweige in der Phylogenie epigenetisch entstanden seien. Gerade dieser Vergleich 
zeigt aber deutlich, dass die epigenetische Neubildung der Blatter am Vegetations- 
punkt eine kaenogenetische Abweichung vom ^Biogenetischen Grundgesetz” ist. 
Weiter wird darauf hingewiesen, dass mikrophylle Vertreter, wie Baragwanathia 
und Astaroxylon schon sehr friih auftreten, schon unter den altesten Landpflanzen 
im Silur und Altdevon. IDieses Faktum stimmt an sich zweifellos. Aber ein so friihes 
Auftreten erschwert natiirlich jede Erklarung der Mikrophyllie. Denn wir miissen 
die Entstehung derartiger mikrophyller Sprosse in eine fossil nicht belegte Vergan- 
genheit zurlickveriegen. In ahnlicher Weise ist auch die Tatsache, dass mikrophyll 
beblatterte ausgebildete Sprosse von Asteroxylon, Psilotum und Verwandten in un- 
beblatterte Achsen, wie Kriechtriebe und Sporangientrager libergehen, mit j e- 
der Hypothese zu vereinigen. Ja die Art und Weise dieses Gbergangs spricht 
sogar zugunsten der Syngenie-Hypothese. Der Stelarbau ist genau derjenige, den 
man entsprechend der Syngenie-Hypothese im Bereich einer ausklingenden tJber- 
gipfelung erwarten darf. D.h. wir finden in dieser Ubergangsregion Aktinostelen 
mit Verminderung der Zahl der Arme bzw. zuletzt eine Protostele. (Zimmermann 
unpubl.) 

Jedenfalls scheinen mir diese zugunsten der Epigenie-Hypothese heranzuzie- 
henden Argumente viel schwacher als die zugunsten der Syngenie — bzw. Reduk- 
tionshypo these sprechenden, namlich 

1) Das Vorherrschen der makrophyll bebiatterten Formen in den spater mikro- 
phyll beblatterten Gruppen, 

2) Die Aktinostele alter mikrophyller Typen wie Asteroxylon, 

3) Der Platz von Sporangien an Stellen wo Mikroblatter stehen, 

4) Die gleichartige Umbildung in sicher erkannten Gruppen. 


b Da sich bei einer phylogenetischen Betrachtungsweise die herrschenden 
Homologiebegriffe infolge selbstandiger Abwandlungen der Elementarprozesse 
sowohl der Organstellung wie der Organgestaltung nicht mehr verwenden lassen, 
(vgL Zimmermann 1935), so zerlege ich den Homologiebegriff in seine beiden 
Grundkomponenten : 

Horn, otopie fur nicht abgewandelte Stellung der Organe (Lagebeziehung) 
aber etwa abgewandelte Gestalt, und 

Homomorphie fiir nicht abgewandelte Gestalt, aber etwa abgewandelte 
Zytologie, Stellung u. dgl. 
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Wenn Krausel noch neuerdings (1936, S. 326), ohne neuo Argumente versichcrt, 
dass die von ihm verfoclitene Epigenie-Hypothese „iiiGht erschtittert” sei, so glaube 
icli, dass i lire Position nie sehr fest war. 

Der S p h e n o s p r o s s unterscheidet sich in seiner ausseren Morpho- 
logic im wesentlichen durcli die wirtelige Stellung der Phylloide. Die pri- 
mare Bildung des Mikroblattes auf dem Wege der Reduktion (bzw. Synge- 
nie) scheint mir liier nocli deutliclier als beim Lycxispross. Hoeg (1931) hat 
eine entsprechende Ansicht vertreten, und Krausel (1936) lehnt sie nicht 
vollig ab. Die sekiindare Umbildung ziir Wirtelstellung durfte dann auf 
dem Wege der Aggregation, d.h. durch Internodienverkurzung von eineni 
wechselstandig beblatterten Spross aus vor sich gegangen sein. Bezeichnen- 
derweise sind z.B. die altesten Vertreter, die Hycnialcs z.T. noch teilwcise 
wechselstandig beblattert. Auch der 3-g]iedhge\\'ivtel von Spkenophyll'mn 
ist offensichtlich durch eine solche rhythmische Aggregation entstanden. 
Ausgehend von solchen Wirtelsprossen mit niederer Wirtelzahl mogen 
dann durch syngenetischenEinschluss von Blattern bzw. Blattbasen Wirtel 
mit hoherer Wirtelzahl entstanden sein, wie das P. Bertrand (1924) fur 
die Sphenophyllumsirten mit 6 strahliger Stele nachgewiesen hat, und wie 
das auch fiir Calamiten wahrscheinlich ist. 

In altertlimlichen Calamiten-St^mmen [Asterocalaniites aus dem U. Kar- 
bon) laufen die Leitbiindel noch von Internodium zu Internodium durch. 
Damit liegen noch die Abgangsstellen der (gegabelten) Blatter iibereinan- 
der. Bei den spateren typischen Calamiten sind die Knoten komplizierter 
gestaltet; die Leitbiindel anastomosieren hier, so dass sie in zwei aufeinan- 
derfqlgenden Internodien alternieren. Die Achsen der Sphenopsidenbliiten 
zeigen nach Untersuchungen von Eames, Browne, Barratt und Santschi 
einen ahnlichen Aufbau. Allerdings ist die anatomische Striiktur noch weit- 
gehend primitiv. Wie bei Asterocalaniites laufen selbst bei heutigen Equi- 
seten die Leitbiindel (bzw. ihr Protoxylem) nocb durch, alternieren bzw. 
anastomosieren also nicht. Die einzelnen zu den „Sporoph3dlen'' fiihrenden 
Leitbiindel sind Protest elen mit mesarch gelegenem Protox^dem, also 
wie die Blattspurstrange bei Asteroxylon u.a. 

Interessant ist die Weiterbildung des Sphenosprosses innerhalb der 
Gattung Eqtmetum, z.B. die Arbeitsteiliing in fertile und sterile Sprosse 
{E. arvenseu.SL,), Einzelheiten hat Schai'FNER zusammeiigestellt. 

Die Zahl der nicht leicht unterzubringenden Spross-Typen ist tibrigens nament- 
lich in alterer Zeit grosser, als das die Einteilung in Lycosprosse und Sphenosprosse 
vermuten Hesse. So sind aus dem Oberdevon, bzw. Unterkarbon Pllanzen mit dicht 
gedrangten Wxrteln von alternierenden Mikroblattern bekannt (Zimmer mmini a 
eletUherophylloides Goth, u. F.Z., bzw. Eleutherophylhmi mivahile Stur). Auch muss 
wegen anderer Einzelfragen, z.B. iiber solche Sondertypen oder wegen der spezifi- 
schen Ausgestaltung der Lepidophyten auf die Darstellungen bei der Anatomic 
bzw. Morphologie u, Systematik oder auf die angegebene Spezialliteratur verwiesen 
werden. Nur sei eine Selbstverst§,ndHchkeit unterstrichen. Vielleicht sind mikro- 
phylle Sprosse auf verschiedenen Wegen entstanden; und wenn auch m.E. die best- 
bekannten mikrophyllen Sprosse wie die typischen Lycopsideii und Sphenopsiden 
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sowie Astcroxylon entsprechend dcr Syngenie-Hypotliese entstanden sind, so mag 
doch fiir manche ahnliche Bddungen wie die offenbar vielfacb Drusencharakter be- 
sitzenden ,,,Dornen'’ altdevonischer Psilo- 
pjiytonarten (vgi. z.B. Lang 1931) u.a. die 
Epigenie-I-Iypothese zutreffen. 

S p h e n o-B 1 a 1 1. Relativ man- 
nigfaltig ist die Uinbildungsweise der 
Phylloide zu Blattern bei den Articu- 
laten (,,Sphenr/ ’-Blatter). Hier tre- 
ten als Elementarprozesse fast aus- 
schliesslich die Syngenie und die 
Reduktion auf. Fiir die Syngenie ist 
die Unwandlung der Sphenophylhm- 
Blatter ein auch statistisch. sicher zu 
verfoigendes Beispiel (Fig. 13). Die 
aitesten Blatter, wie das oberdevoni- 
sche Sphenophylhmi suUenerrimum 
Nath., batten noch freie Phylloide, 
wahrend spater die Phylloide zu 
einem meist gezahnten Flachenblatt 
verwachsen sind, wie bei SphenophyU 
lum Thonii MiVRR. aus dem Rotliegen- 
den. 

Verwachsungen und Reduktion der einzelnen Phylloide kennzeichnen 
fernerhin die Blattbildung innerhalb der Equisetales, Bei Asterophyllites 
sind die Phylloide ganz frei, bei Anmdaria hochstens an der Basis ein wenig 
verwachsen. Eine Becherbildung aus den Blattbasen setzt’dann bei der in 
der Gondwanafiora charakteristischen Gattung Phyllotheca ein. Sieistbei 
heutigen Equiseten bekanntlich durch die fast vollstandig zu einer Scheide 
verwachsenen und gleichzeitig stark reduzierten Phylloide vollendet. Schi- 
zoneura reprasentiert insofern eine sehr charakteristische Sonderbiidung, 
als hier die Phylloide in zwei Gruppen als ,,gegenstandige” Blatter voll- 
standig verwachsen sind. 

c) Achsenanatomie 

Wir besprechen vor allem die Stele, genauer den Holzkorper, der sich in charak- 
teristischer Weise Hand in Hand mit der ausseren Uinbildung gewandelt hat. Auch 
die anderen Gewebeform,en warden an sich eine ahnliche, Besprechung verdienen. 
Doch ist ihre Wandlung schon wegen der meist schlechteren fossilen Erhaltung we- 
niger gut bekannt. Auf einzeine Fragen gehen wir im Abschnitt d) ein. 

Umbildung der Prinaargewebe. So wie die Gabeltriebe 
(Telome) der Ur-Pteridophyten (Rhyniaceen) die Ausgangsform der ausse- 
ren Gestalt sind, so ist auch die zugehorige Achsenstruktur, die Protostele 
der Rhyniaceen der Ausgangspunkt fiir die Uinbildung der Stele ^). „Pro- 

q Vgl. dazu Jeffrey 1897, Tansley (1908),, Zimmermann 1930 S. 72 ff. und 
Bower 1935, S. 665. 
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Fig. 13. Das Sphenophyllum- 
B 1 a 1 1 als Beispiel der Syngenie. — 
Die Kurve zeigt die Abnahme der 
Artenzahlen mit freien Phylloiden wie 
heiSphenophyllum subtenerrimumjA ATH. 
(oben) aus dem Ob. Devon und ent- 
sprechende Zunahmeder Artenzahl mit 
verwachsenen Phylloiden wie bei Sphe- 
nophyllum Thonii Marr. (unten) aus 
dem Hotliegenden. 

Abszisse: Geologische Zeiten vom 
Ob. Devon bis zur Jetztzeit. 

Ordinate': Prozentsatz der bekannten 
Arten mit freien Phylloiden. 

Aus Zimmermann 1930^?, S. (41) Abb. 3. 
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Fig. 14. Phylogetiie der Stele, 
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Fig. 15. Ableitung der verschiedenen Holztypen m Zusammenhang mi 
der Blattstellung. — Unten die primitiven Formen, 

Links fur die Dreier-Reihe (z.B. AHiculaten). — w •t^rWldimE 

Reihe (untere Halfte z.B. CoenopUndales, obere Halfte Weiterbildu^ 
z.B. AHiculaten. — Rechts fflr Funfer- Reihe. (viele Pteropszden. z B 
Osmundales). Vom Holz ist nnr das Metaxylem (schwarz) <1^ 

Protoxylem (weisser Punkt) wiedergegeben. Die B 1 a 1 1 e r smd 
allgemeinen als primitive GabelblEtter dargestellt. Oben auch dn 
tjbergange zum Nadel- und Fiederblatt. 

Manual of Pteridology 
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tostele'' nennt man eine einfache zentral gelegene Tracheiden-Saiiie, um- 
geben von einem Mantel wenig differ enzierter, langsgestreckter Zelien, die 

als prospektives Phloem bezeichnet werden kann. 

Die U m b i 1 d n n g z n m Stamm setzt 2 anatomische Ziele bzw. 
Konstruktipnsaufgaben : 

Vermehrung der wasserleitendeii und der festigenden Eiemente (letztere 
namentlieh in der Peripherie : Biegungsfestigkeit 1) . 

Vermehrung des Speichergewebes flir Assimilate, das als Neiibildung, 
also ausser der bei den Rhyniaceen schon vorhandenen Riiide, nunauchim 
Stammzentrum, innerhalb der Stele aiiftritt. 

Diese Ziele werden durch IJmbildung der Stele nach zwci verschiedenen 
Konst ruktionsprinzipien, auf zwei verschiedenen Wegcn erreicht (Pig. 14 
u, 15). Der eine Weg fiihrt liber die.Aktinostele zur Aiiflosung der einheit- 
lichen Stele in eine Plektostele (und Polystele), der andere unter Markbii- 
dung (zusamt Markstrahlbildung) iiber die Siphonostele zur Eustele (und 
Polystele?). Im iibrigen wirkt sich die Umbildung der Stele zu zergliederten 
Formen des Holzteiles vor allem bei grossen Pteridophyten mit dicken 
Achsen aus, worauf Bower (z.B. 1930) hingewiesen hat. 

D i e A k t i n o s t e 1 e n~U m b i 1 d u n g trifft man bis zu einem ge- 
wissen Grade bei fast alien Pteridoph 3 dengriippen, wenn sie auch fiir mi- 
krophylle Sprosse besonders charakteristisch ist. Denn die Aktinosteie 
(Fig. 14 unten) ist eigentlich die notwendige Ilxlge der Syngenie, welche, 
wie wir sahen, mikrophylle Sprosse entstehen liess. D.h. infolge der Synge- 
nie verschmelzen die durch Verzweigung verketteten Stolen, bzw. es lagern 
sich die Stelen von Seitenorganen der Hauptstelegewissermassen als Ver- 
st arkungsleisten an (vgl. Fig. 7D, sowie z,B. auch Zimmerhann 1930, Abb. 
28 und 1930a). Damit wire! natiirlich der Stelenquerschnitt zu einem mehr- 
arniigen Stern, 3-, 4-, 5- usw. -armig (vgl. Fig. 15) je nacli der Zahl der un- 
tereinander oder mit der Hauptachse verwachsenden Blatter bzw. Phyl- 
loidgruppen. 

Man kann diesen Vorgang auch aiiclers aiisdriicken : die Abzweigungen 
der Stelen, die zunachst nur wenig tiefer lagen, als die Abzweigungen der 
betr. Organe, werden in den betr. Hauptachsen basalwarts verlagert, ja 
gewissermassen in die sich oft zu Seitenstclen vdllig aiiflosende Haupt- 
stele hinein ^). 

Die phylogenetischen Zusammenhange zwischen den Stelen-Typen: 
Protostele-Aktinostele-Plektostele werden besonders deiitlich, wenn wir 
das Protoxylem (die ontogenetiscii zuerst angelegten Holzpartien) verfol- 

^■) Diese Auffassung vereinigt sowohl Vorsteliungen der roTOKi:ii:schen „Peri- 
kaulomtheorie'hsowie Anschaiuingcn von Campbell, Sciioutjc u.a. iiber dicFort- 
pfianzung eines Reizes von den Blattern nacli dem Stamm. Eine cinwandfreie 
Disknssion dieser sehr komplizierten Fragen ware auch hier nur auf der Basis des 


hologenetischen Zusammenhanges niogiich. 
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gen. Jeder Stcienarm (bzw. genauer die daziigehorige Seitenrippe) lauft 
natiirlich nach oben als Leitbiindel zu einem Blatt bzw. Phylloid aus. Bei 
priniitiven Pteridopliyten wie Asteroxylon bewahren solche „Blattspiir- 
strange" wie auch die zugehorigen Arme der Aktinostele noch ganz den fiir 
ein primitives Pliylloid charakteristiseben Protostelenbau, z.B. durch gabe- 
lige Verkettung und durch die zentrale Lagerung des Protoxylems. (Vgl. 
unten vS. 596). 

Wenn die Zerkluftung des Holzkorpers durch diese mit der Seitenorgan- 
'bildung zusammenhangenden Reize noch weiter geht, so dass der gesamte 
Holzkorper sich in einzeliie Strange auflost, spricht man von einer Piekto- 
stele. Sie findet sich in schwacher Auspragungsehon bei deut- 

liclier aber namentlich bei inanchen Lycopodien. 

Die E u s t e 1 e n - U m b i 1 d u n g ist typisch fiir die makrophyll be- 
biatterten Sprosse. Sie ist in einer geradezu kiassischen Reihe bei den Os- 
mtmdales zu verfolgen, wie Kidston und Gwynne- Vaughan sowie Sahni 
herausgearbeitet haben. Die Pmstele ergibt sich durch Umwandlung der 
zentralen Tracheiden einer Stele (z.B. einer Protostele usw.) in Mark, so- 
wie durch Umwandlung radialer Zellzuge zwischen Mark und Rinde (die 
^^Markstralilen”) gieichfalls in parenchymatisches Gewebe. Sofern nur die 
Hauptachsenstele ein Mark zur Aufnahme der Assimilate aus den grossfla- 
chigen Wedeln erhalt, ergibt sich als Ubergangsgiiedzwischen Protostele und 
Eustele die typische, ailerdings wohl seltene Siphonostele (Fig. 14). Wenn 
auch die Seitenstelen namentlich auf ihrer Oberseite Mark ftihren, wird 
der Holzzylinder durch die oberhaib der Seitenstelen abgehenden Mark- 
strahlen in die einzelnen Leitbiindel der Eustele zerkluftet. 


Als Ausgangst^m Osniundaks-Reihe mit noch ziemlich unveranderter Proto- 
stele in Hauptachse und Seitenorganen (Wedeln bzw. Blatturstrangen) ist neuer- 
dings von ‘Sahni (1932) Grammatopteris Baldaufi (Beck) Hirmer bestatigt worden. 
Thamnoptevis, Zalesskya, sowie verschiedene Osmundites-Axten aus dem Perm und 
Mesozoikum zeigen danii nach den Untersuchungen von Kidston u. Gwynne- 
Vaughan die genannten Stufen der Siphonostele und der Eustele (Einzeiheiten s. 
die zitierten Originalarbeiten, sowie Posthumus 1924, PIirmer 1927, sowie Zim- 
MERMANN 1930, S. 211 ff, uiid 1930^). 

Ailerdings sind. auch hier Kornpiikationen beobachtet, so entsteht innerhalb der 
Stele nicht nur Parenchym sondern manchmal (z.B, bei Osmtmda cinnamomea und 
vielen ancleren Farnen) Siebteii und eine Endodennis. Ferner brauchen nicht immer 
alle Teile eines Steienquerschnittes ontogenetisch gleichzeitig ausgebildet zu wer- 
den. Auf cine derartige starke Abwandlung der Stelen-Ontogenie hat beispielsweise 
Campbell (1931) bei Ophioglossmn moluccanum aufmerksam gemacht. PTier wird 
die Hauptmasse der Achsenstele (Siphonostele) erst verspatet, im Gefolge einer 
adventiv verzogerten Ausbiklung des Sprossvegetationspunktes, herausdifferen- 
ziert. Infolge davon fiihrt hier zunachst nur ein' einziges kollaterales Leitbiindel als 
Ausschiiitt aus der.kiinftigen Siphonostele einerseits in den Kotyledo und anderer- 
seits in die monarche Stele der Primarwurzel hinein. 

Als eine andere Modifikatioii dieser Markbildiing kann man den „gemischten'' 
Holzkorper hezcichnen, wie er z.B. beim rezenten Farn (Bower 1923- 

28) erreicht ist, und auch im „gemischten" Mark niancher Lepidodendron Arten 
angebahnt wird. Flier werden nicht samtliche zentral geiegenen Tracheiden ein- 
heitlich zu Markzellen, sondern mehr oder minder unregelm§,ssig zerstreute Zel- 
len behalten den tracheidalen Charakter. 
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Vnmnli^ierte Umbildungen sind ferner die Stelen der Psaronien, wie bcson- 
de« Rudolph (1906) gezeigt hat (vgl. oben S. 482) und viele atxdere barnstamme, 

'^‘irdTn alters rvwgle^chenden”. z.T. als phylogenetisch bezeichneten Stelarbe- 
.>,+,?no.A^ finden sich auseehend von den nicht-phylogenetischen Anschauungen 
vTn nnd auch sebr detaiUierte Ansichten Qber dioArt 

und Wdse solcher ..Umbildungen”. Es wird bier diskutiert ob die /;^kluttung und 
Verwachsung der Stelen. die ..schizostelische” oder ..gamostelische btruktur wirk- 
LT^nf Spfltung” bzw. ..Verwacbaung”, auf Einwandern (..intrusion . ..sinking 
in") oderauf einer ..Umwandlung" (..degradation”. ..translormation ) o. dgl von 
Geweb^eUen beruhe. Solche Diskussionen sind m.E. mir inoglich bei einer noch un- 
Slarten genetischen Grundanschauung. die iibersieht dass bei don pbylogeneti 
fchen Kildungen ilberhaupt nicht die Gewebepartien ..wandern oder s.ch 
wandel^^^^ sldfrti dass die entsprechenden Erbtaktoren sich verandern 
We Meinungsdifferenzen in diesen Sonderfragcn babcn es aber vorsclmldot. dass 
die langst vor allem von Jeffrey in den Grundzilgen k ar dargestellte phylogene- 
fe^rS^^artheoTie noch nicht die ihrer Beweislast zukommende Anerkennung 
gefunden hat. 

Kombination der anatomischen Elementarprozesse. 
Bei etwas hoher differenzierten Pteridophyten kombinieren sich sehr oft 
diese Umbildungsvorgange, insbesondere die Aktinostelen- und die Euste- 
len-Umbildung. Es empfiehlt sich hier, einige Beispiele herauszugreifen. 

So kann man bei den b a u m f 6 r m i g e n L y c o p s i d e n, den 
Lepidodendren und Sigillarien verfolgen, wie innerhalb einer meist deut- 
lichen Aktinostele Mark, ja bei letzteren sogar Markstrahlen auftreten. 
(tjbrigens hat auch die Stele der altesten Osmundales und anderer Pterido- 
phyten einen gewissen Aktinostelen-Charakter, wenn auch die „Arme” 
wegen einer relativ schwachen Syngenie nicht sehr ausgepragt sind)^. Man 
kann daher die Stelarentwicklung der Lycopsiden als Beispielder Lmbil- 
dung sowohl zu Eustelen. wie zu Aktinostelen bezeichnen. ^ • 

Die Weiterbildung der Stele, namentlich die Kombination einer Aktino- 
stelen- und Eustelen-Umbildung hat eine Reduktion des Metaxylems zur 
Folge. Bis auf wenige Ausnahmen (vgl. Sinnott 1909) ist bei den spateren 
Lycopsiden-Stelendas„zentrifugale” (in den Stelenarmen vor demProto- 
xylem geiegene) Metaxylem verschwunden. Das Protoxylem dieser Aktino- 
stelenarme liegt so nicht mehr „mesarch” sondern „exarch . Dagegen ist 
fiir die Lycopsiden (und fiir alle echten Wurzeln) typisch, dass _„zentripe- 
tales” Metaxylem erhalten bleibt, selbst wenn bier Mark ausgebildet wird. 
Umgekehrtist innerhalb der Pteropsidenstelen auch das zentripetale Meta- 
xylem meist reduziert und kann nur als Ausnahme (z.B. in den Blattstielen 
der Cycadeen und in vielen Pteridospermen-Stelen) festgestellt werden. Bei 
vollig fehlendem zentripetalem Metaxylem liegt das Protoxylem „endaicb 

wie in den typischen Dikotylensprossachsen. 

A r t i c u 1 a t e n. Ahnliche Kombinationen und Umbildungsvorgange 
charakterisieren wohl auch die Anatomie des S t a m m e s dcr A i t i c u 
lateh Oder des „Spheno”-Stammes. Ich mochte iibereinstimmend mit 
der von Jeffrey, Potoni^: 1897 S. 205 und Gwynne-Vaughan herausge- 
arbeiteten Theorie annehmen, dass zunachst auch fur den Sphenostamm 
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eine durch Ubcrgipreiuii^ und schwache Syng'enie zustandgekommene, 
weiiigcinnigc Aktinostele ciu Ausgaiigspunkt war. Sphenophyllum mag ein 
charakterisches Beispiel sein. P. Bertrand (1924) hat mit Recht darauf 
hingewiesen, wic von dieser Ihjrm aus durch weitere Syngeuie von Gabel- 
blattern die Zahl der Armc vcnnchrt werdeii konnte. Diese Vorgange ent- 
spreclieii ungeiahr der Figur 14, linke Reihe, untere Halfte. Weitere Um- 
bildiingen, reprascntiert im Calamitcn-Stamm, ergaben sich dann durch 
das Auftreten von Mark und Markstrahlen nach dem Eustelen-Typ, 
sowie durch die „Karinalho]den'’ (anstelle des Protoxylems und anschlies- 
sender Metaxylcm-Partien). Als Ersatz fur das, praktisch genommen, nicht 
mehr ausgebildete Primrirliolz trat bei den fossilen Stammen das Sekundar-- 
holz ein, waiirend die heutigen krautigcn Equiseten ixberhaupt nur sehr 
wenige Tracheidcn ausbilden. 

P r i m o f i ,1 i c e s. Bcsonders instruktiv fur die Verkniipfung all der 
genannten Umbildungsprozessc sowohl in ihrer extern-morphologischen 
wie in ihrer anatomischen Auswirkung sind ferner die oberirdischen Or- 
gane der in die Ordnungen ^^Cladoxylales und Coenopteridales' bzw. als 
^^Primojilices' vereinigten altpalaeozoischen Pteropsiden. 

Phylogenetiscli besehen iieben sich hier 3 Formenkreise heraus: 

Der eine ist charakterisiert durch Cladoxylon scoparium Krausel u. 
Weyland aus dem Mitteldevon. In vegetativer Hinsicht ist er ausge- 
zeichnet durch einen deutiichen Gegensatz von Sprossachse und Blattern, 
d.h. durch eine weitgehendc tlbergipfelung und Verwachsung der zu kleinen 
Gabelblattern gewordenen Seitenorgane.Dementsprechendzeigt dieHaupt- 
achsenstele, ahniich wie bei Asteroxylon, eine aus regelmassig gabelig 
verketteten Armen bcstehenden vielstrahligen Aktinosteien-Querschnitt. 

Ein zweiter Fonnenkreis umfasst die kulmischen, von P. Bertrand 
neuerdings eingehender bearbeiteten Cladoxylon-Axten, soweit sie sich als 
Stamnie mit reich gegliederten wedelahnlichen Seitenorganen (friiher als 
Hierogramma , Syncardia und Clepsydropsis beschrieben) ausgewiesen ha- 
ben. Als Vorlaufer gehort hierher wohl Asteropsis novehoracensi$ T)KWSO^ 
aus dem Oberdevon. Dicser Fonnenkreis erscheint einesteils insofern 
weniger umgewandelt, als der Gegensatz zwischen Hauptachsen und 
Seitenorganen weniger ausgeprilgt ist als im ersten Formenkreis. D.h. die 
genannten F'ormen bilden eine gleitende Reihe von der Hauptachse 
[Cladoxylon taenia him, mirahile u.a.) zu den durch die unregelmassige 
Plektostele hauptachsenahnlichen Seitenorganen 1. Ordnung, [Hierogram- 
nia), weiter zu den gleichfails noch radiar gebauten, aber nur mit 4 strahli- 
gen Plektostelen versehencn Seitenorgane 2. Ordnung [Syncardia), die 
schliesslich in die 2 strahligen bzw. in den letzten Auszweigungen proto- 
stelischenCZi?/jsy£'/ru;/53s^s-Phylioide auslaufen. Die ganzePflanze machte also 
wohl durch die weitgehend radiaren Seitenorgane noch einen ziemlich 

ZiMMERMANN 1 930. Es clurftc sich empfehien, diese Klasse durch eine Ordnung 
Protopteridales (vgl. Fig. 20) zu erweitern. 
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buschigen Eindruck. Entsprechend der rcicheren Gliederung der beitenor- 
gane hat sich in den Armen der Stelcn jeweils eine Art Mark entwickelt. 

Fin dritter Formenkreis ist durch Stauroptcris (S. 481) chaiakterisiert, 
Hier ist die Syngenie ganz erheblich schwacher auspragt. In Verbindung 
mit der dementsprechend geringeren Zahl dcr Stelen-Arme (nur vier) hat 
Stauropteris eine grosse Regelmassigkeit des Au{baiis erworben, ahulich 
wie er sich bei den letzten Auszweigungen der Cladoxylen vom zweiten 
Formenkreis auftritt. D.h. bei Stmirofteris (vgl. Fig. 17 A— C) sind. in 
ganz regelmassiger Weise die beiden elementaren phylogenetischen Um- 
bildungsprozesse, die Obergipfelung und die Verwachsung miteinander ge- 
koppelt Einerseits zeigt der Stauropteris-Spross die typische Ubergipfe- 
lung, die zu seitlich gestellten Gabeltrieben fiihrt. Andrerseits sind aber 
an diesen Gabeltrieben die basalen Mesome jeweils bis zu ihrer ersten 
Gabelung mit der Hauptachse verwachsen, sodass an derselben Stelle 
der Hauptachse 2 Seitenaste entspringen (Fig. 17). Da die aufeinander- 
folgenden Seitenaste alternieren, ergeben sich insgesamt 4 Reihen von 
Seitenasten Die Stele ist iibereinstimmend mit dieser ausseren Umgestal- 
tung umgebildet zu einer vierstrahligen Aktinostele (ahnlich wie Fig. 14 
Mitte rechts). Denn infolge der Syngenie verschmelzen die zwei Stelen der 
Gabeltriebe jeweils so stark mit der Hauptachsenstele, dass sie entweder 
gar nicht mehr unterscheidbar sind, oder als paaiige Fliigelleisten die 
Hauptachsenstele verstarken. 

Also die Seitenaste selbst sind im Prinzip wie die Hauptachse gebaut 
und verzweigt, bis auf die letzten Auszweigungen, die einfach gegabelte 
Phylloide vom Rhynia-1y^ sind. So ist dieser ganze gleichzeitig Spross- 
achsen Charakter tragende ..Wedel” wie ein Buscli radiar gebaut. 

Aehnliche, zwischen den 3 Formenkreisen vermittelnde Bauplane cha- 
rakterisieren auch die ubrigen Primojihccs. Manchmal sind hier auch mehr 

typischentwickelteSpross- 

% f| \ I I achsen bekannt, und um- 

"-“■^^^1 r. /f gekehrt gewinnen die We- 

\\ typischen 

Blattcharakter,indemsich 
ll^ |.| 1 Seitenorgane, vor al- 
ii I'j 1 1 lem hoherer Ordnung wie 

III ‘f' echte Farnwedel nur noch 

^ ^ ^ in einer cinzigen Ebene 

Fig. 16. Phylogenie dos Sprossaufbauos bei , , . 

pieris durch tlbergipfelung und gleichzeitige Aggro- ausbreitcn. Die noch 
gation des Basal-Mesoms des gabeligen Seiten- Sianropteris wie bei den 
organs. — A. Gabeltriebe: B. t)bcrgangsiorm; Uj-_p>teridophytcn dreh- 
C. Stauropteris. 

flachenformig verbreitert. Auch bilden sich ahnlich wie bei Cladoxylon 
in den Stelen charakteristisch gelagerte Markpartien aus. 
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All diese Frimojiliccs zusamincn lavssen aber cine Ausgangsform ver- 
nuiten,die ahniicli wie Claduxylon durch nicht ganz regelmassige (und 
schwacher als bci den l^ekannten Cladoxy Ion- Alien vollzogene) Syngeriie 
und Uebergipf clung abgclcitet war. D.h. diese Zwischenform zwischen 
den typischcn Fsiiophylcn und den Primojilices hatte wohl auch eine Akti- 
nostele mit unregehnassig gabcligen Armen und ahnlich gebaute (aber na- 
tiirlich abnehinend schwacher differcnzierte) Seitenorgane. Vielleicht ge- 
hort diese Ausgangsform in den anatomiscli nocli ungentigend bekannten 
mitteldcvonischen Formenkreis von Protoptcridimn und Aphyllopieris, die 
man als Profopteridales (vgl. Fig. 20) zusammenfassen kdnnte. 

S e k u n d a r e U m b i 1 d u n g e n im vStamm. Die bisher geschilder- 
ten Umbildungsvorgange gcnugen aber nicht, urn einen kraftigen Stamm 
zu gestalteii, wie er bci den irn Palaeozoikum vielfacli baumformigen Pteri- 
dophyten vorhanden war. Dieser Stamm miisste entsprechend der all- 
mahlichen Grossenzunahme des Baumes sowohl zur vermehrten Wasser- 
zufuhr, wie aiis mechanischen Grtinden verstarkt werden. Heute wird 
mindestens bei den echten ,,Holzbaumen” der Coniferen und der Angio- 
spermen, die sekundare Verstarkung vor allem durch das Dickenwachstum 
des Holzes erzielt. xAuch die palaeozoischen Pteridophyten-Baume haben 
zum Teil (z.B. Lepidodendren, Sigiiiarien, SphenophyllenundCalamiten) 
ebenfalls die Fahigkeit zu sekundarem Dickenwachstum erworben, indem 
sich anstelle der peripheren Tracheiden des Primarholzes ein embryonal 
bleibendes Gewebe, das Kambiuni, ausbildete, das dann in der bekannten 
Weise in radialen Reilien Sekundarholz und sekundares Phloem bildet. 

Aber daneben trcten doch auch ganz andere Konstruktiopstypen auf ; 
z.B. ging die hauptsachlichste Verdickung bei den Lepidodendren in der 
Rinde vor sich. Sie waren ^^Rindenbaume'’, da die ebenfalls durch ein 
Kambium sich verdickende Rinde mehr als 90% der Stamm-Masse aus- 
machte und auch die Rindenskuiptur samt Ligula ein eigenttimliches Auf- 
nahmesystem fiir Regenwasser ausbilclcte (vgl. Zimmermann 1 930 S. 134 f). 

Mit einer ganz anderen Form der Stammbildung hat uns Sahni bei den 
Coenopteridales, z.B. bei Anstroclepsis amiralis bekannt gemacht. Hier ver- 
flechten sich eine Anzahl diiniier, wieclerholt gegabelter vStammchen, Blatt- 
stiele und Wurzeln zu einem Scheinstamm. Und schliesslich sei, als ein bis 
heute erhaltener Typ, der Stamm der Baumfarne erwahnt, bei dem das 
diinne eigentliche Stammchen durch einen Mantel aus den Blattbasen und 
dazwischen abwarts strebenden Wurzeln verstarkt ist. 

Umgekehrt hat Goebel (1930) gezeigt, dass die Stele fast bis zum Ver- 
schwinden reduziert werden kaiin, z.B. in den vegetativen Organen von 
Trichomanes Motleyi und Tr, mimcHssimtm, 
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d) Sonstige Gewebe and Organc dcr Sprosse. 

Stomata. Wir rniissen uns auf eiiiigeHinweise beschraiiken.Be^ H a u t- 
gewebe ist vor allem die Herausdifferenzieriing der Spaltoffnungen be- 
merkenswert. Sie liat sicb offenbar sehr friih, sclion bei der Bildung der ab 
testen Landpflanzen vollzogen. Alle bekannten Pteridophyten (einschl. der 
anatomisch bekannten Psilopliyten) besitzen schon wolil diflbrenzierte 
Spaltdffnuiigen an ihren Sprossen. Leider felilt noch fiit die Weiterent- 
wickelung der Spaltoffnungen inner iialb der Pteridophyten eine so glan- 
zende Darstellung, wie wir sie fur die Gymnospermen Florin danken. So 
kann hier nur festgehalten werden, dass der Anordnung nach die Spaltofb 
nungen der palaeozoischeii Pteridophyten alle dem ,Jiaploche^ Typ 
Florins angehdren. Die verschiedensten Gruppen (z.B. Equisctales am 
Stamm) haben die Sporangien in Reihen angeordnet, die Lepidophyten 
stellen sie in Rillen der Blatter usf. 

Die Sehliesszellen selbst sind bei den Rhyniaceen noch wenig verandert, 
d.h. es sind etwas verlangerte parenchymatische Zellen, deren gegen die 
Spalte gelegener Kutikularrand das „Hornchen" biidet (Archetypus). Von 
dieser Grundform aus haben sich in den verschiedenen Pteridophyten- 
Gruppen sehr charakteristische Gestalt en der Sehliesszellen herausgebildet, 
z.B. die so auffalligen Formen der durch Leisten verstarkten EqiiiseUim- 
Schliess-Zellen, oder der schon bei den Lepidophyten auftretende Lycopodi- 
um-Typ (vgl z.B. Porsch, Kraus, Riebner und Zimmermann 1926). 

Erne r g e n z e n. Eine andere Urngestaltung der Oberflache sind die 
schon relativ fruh (z.B, bei Coenopteridales) auftretenden Plaare (AusstuL 
pungen von Epidermiszelien) sowie die viel spater namentlich bei jiingeren 
Farnen vorgefundenen Spreiischiippen und andere typische „Emergenzen’b 
(Vgl. z.B. Bower 1934 S. 1093).' 

In der R i n d e haben sich schon bei Asteyoxylon beachtenswerte Inter- 
zellularensysteme (Trabekulargewebe) herausdifferenziert, die auch spater 
wiederhoit in ahnlicher Weise uns entgegegentreten. Eineganz besonders 
charakteristische Ausbildung der ausseren Rinde finden wir bei den Lepido- 
phyten, so wohl in ihren „Blattpolstern” wie in ciner borkenahnlich sich 
differenzierenden ausseren Stammumkleidung. Seward (1932) hat auf die 
Herausbiidung dieser Rindenorgane in der Rcihe Haplosfigvia-CyclosHgnia- 
typische Lepidophyten hingewiesen. 

Durch eine sehr eigenartige Differenzierung der verse! liedenen Rinden- 
zellen in ihrer Ausgestaltung und namentlicli in ihrem Strcckungsvermogen 
kommt die z.B. im Lyginodendron charakteristische ^^Dictyoxylon '-Rinde 
zustande. 

Sek undare Um bildung. Auch als Gauzes besehen, sind die 
vegetativen Organe der Pteridophyten, nachdem sie sich in ,Aypischer'' 
Weise herausdifferenziert haben, noch weitgehend umgemodelt worden. 
Ich erinnere nur an die Umbiidung von Blattern und Blatteiien zu Haken 



W. ZIMMERMANN, PHYLOGENIE 


bei Giganiopteris (Hallp: 1929), aa die Arbeitsteilung der Blatter z.B. beim 
Articulaten-Seitenzvveige im (lefolge der Dorsiventralitat (Halle 1928), 
an die „Heteropbyllic’’ manchcr Sphenopliyllen und vieles ahniiche mehr, 
Gerade diese weitcre Uinbildung („ Metamorphose’') der Organe, die schon 
vom ,,typisc]ien” Spross ausgelit, ist ja das klassische Feld der Morphologic 
Die Resiiltate sind hicr auch meist so eindeutig, dass aul diesem Gebiete 
wenig Mcinungsdiffercnzeri bestehen. Die Schwierigkeiten liegen bei den 
fruheren Umwandlungen, wo cine phylogenetische Morphologie mit der 
an rezeaten Organismen gcbildeten „Typus”-Vorstellung wenig anfangen 


e) Phylogenie der Wurzeln und ahnlicher Organe, 


Leider fohlt noch eine eingehendere Untersuchnng, so dass wir uns hier 
auf einige Hinweise bcschranken mlissen. ' 
xALUSgangsform sind, wie wir salien, wohl sicher die mit Rhizoiden verse- 
henen gegabeltcn Kriechtriebe der Urpteridophyten. Es scheint, als ob zu- 
nachst keine vertikal abwai'ts steigenden Organe vorhanden gewesen sind, 
Daraus ergabe sich die — auch reizphysiologisch sehr interessante — Fol- 
gerung (Zimmermann 1927, S, 230), dass phylogenetisch der positive Geo- 
tropismus sich aus dem Plagiogeotrupismus entwickelt hat. 

Von diesen Kriechtrieben der Ur-Pteridophyteii aus, haben sich ver- 
schiedene unterirdische Organe entwickelt, von denen wir hier dreiGrup- 
pen besprechen wollen. 

Als 1 . Abwandlung konnen wir schon innerhalb der Rhyniaceen, z.B. bei 
Hornea, die Ausbildung einer knolligen Basis feststellen. Ahnliche Bildun- 
gen beobachten wir z.B. beim ^Protokorm” heutiger Lycopsiden. 

Eine 2, Abwandlung zeigen die Lycopsiden z.B. in den ,,Stigmarien”, 
den unterirdischen Organen der baumformigen Lepidophyten samt ,, Ap- 
pendices”. Wir wiesen schon oben (S. 575) darauf hin, dass sie ontogene- 
tisch, wohl unmittelbar aus dem ^^Gegenpol” des Embryos entstanden sind. 
Hire Anatomic veranlasst zur Annahme, dass sie sich phylogenetisch durch 
tibergipfeiung und Verwachsung der Seitenorgane („ Appendices”) in prin- 
zipiell der gleichen Weise herausgebildet haben, wie die Lycosprosse. Auch 
die Stigmarien sind namlich mit einer dent lichen Aktinostele versehen, 
wobci die Arme der Aktinostele unmittelbar in die monarchen Stelen der Ap- 
pendices auslaufen, Zumal die Appendices exogen an den Stigmarien ent- 
stehen, also die Stele (einschl. Sekundarholz) und das Rindengewebe sich 
unmittelbar aus den Stigmarien in die Appendices fortsetzen, ist das Bild 
der ungleich gewordenen Partner einer Gabelung noch unverkennbar. 
Innerhalb der Stigmarien-Gruppe hat sich dann meist in einer ahnlichen 
Reihe, wie wir sie oben fiir die Lepidophytenstamme schilderten, unter 
Riickbildung des zentripetalen Primarholzes Mark ausgebildet (Weiss 
1932), 





§ 7. Phylogenie des Sporophyten (Fortpianzungsorgane) 


Die Phylogenie der Sporangien ist als Abwandlung des Generationswcclisels in 
ihren 3 Stufen : Isosporie, Heterosporie und Samen bzw. Pollen schon behandeit 
(Oben S. 566 f). Die Phylogenie des Sporangienstieles ergibt sich aus der Umbiklxing 
der Sporangienstellung (unten unter .B). So bleibt fur diesen Abschiiitt nnr die 
Phylogenie der Sporangienwandung und einiger Spezialorgane {Columella, Ela- 
teren u. dgl.). 

Die altesten iiberlieferten Pteridophyten-Sporangien haben alle einen 
so.einheitlichen, mit den Rhyniaceen weitgehend libereinstimmenden Ban, 
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Aehiilich gebaut nnd auch noch relativ wenig abgewandelt gegenliber 
den urspriinglichen gabeligen Kriechtrieben sind die Wurzeln von Isoe/es, 
die oft schon — wie mir scheint mit Recht — mit den vStigmarien vergliciicn 
worden sind. Doch auch die Wurzeitrager der Selaginelien, die als 
Schwestertriebe eines Sprosses durch Gabelimg hervorgehen, haben noch 
weitgehend den Charakter dieser alten Kriechtriebe erhalten. Das ist 
bei der ursprunglichen Gleichwertigkeit von Spross und Wurzel nicht 
iiberraschend. 

Der oft unternommene Versuch, diese Stigmarien und Appendices in die alter- 
nativen Begriffsschemata : Wurzel/Spross (bzw. Wurzelstock) einzugliedern (vgl. 
z.B. Wetss 1932, Troll 1934, Hirmer 1934) ist von vornlierein aussichtslos, wenn 
man mit einer solehen Einordnung einen naturwissenschaftlichen, d.h. phjdogene- 
tischen Sinn verbinden will. Denn diese im Karbon wohl ausgebikleten Stigmarien 
leiten sich bestimmt nicht von Organen her, welche an Pflanzen mit einem „typisch’ 
entwickelten Gegensatz von echten Wurzeln und Sprossen sasseii. 

Auch waren die Stigmarien wohl kaum die Ahnenstadien ec liter 
W u r z e 1 n, die wir als 

3) Abwandiungsgruppe der Kriechtriebe auffiihren konnen. Diese Wur- 
zeln haben sich aber in prinzipiell ahnlicher Weise vor allem bei den Pter- 
opsiden aus den Kriechtrieben heraus entwickelt. D.h. die Aktinostele ist 
m.E. auch hier als eiri Zeichen von Ubergipfeiung mid Verwachsung von 
Seitenorganen aufzufassen, wobei die Seitenorgane (Seitenwurzeln) auch 
hier an die Arme^der Hauptachsen-Stele mit ihren eigeneii Stelen aiischlies- 
sen, Abweicliend von der Verkettung solcher Organe an den Urtrieben er- 
folgt die Auszweigung in Wurzeln ,,endogen’\ Doch handelt es sich hier 
zweifellos um eine sekundare Umbildung, die auf einem z.B. von Troll 
(1934) aufgezeigten Wege sich auch als phylogenetische Wandlung abge- 
spielt hat. 

Wahrend bei den Lepidophyten die Stigmarien, bei den Angiospermen 
meist die Haupt wurzeln voni Gegenpol ausgehen, sind bei den Pteri- 
dophyten im allgemeinen Sekundar wurzeln, die iinterhalb der Blatter 
entspringen,; ausgebildet. 
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class dicser zwcifellos der Aiisgangsform fur die Pteridophyten-Phylogenie 
(vgl. obcn vS. 566) nahestand. Diese „Ur-Sporangien” der Pteridophyten 
(Fig. 5) sind typisclie Tclome; d.h. die Enden der Triebe laufen im fertilen 
Zustand in einen etwas keulig angeschwolleiien Behalter fiir die Sporen 
aus. Die ausseren (ca 3 — 6) Zeliagen des Sporangiums bilden die Wandung. 
Das innere Gewcbe zerfallt in die Sporen bzw. zunachst in die Sporen- 
mutterzellen. Die ,^Ur-Sporangicn” sind also wegen der mehrschichtigen 
Wandung ,,eusporangiat'b Die einzelnen Wandschichten waren wohl bei 
den alleraltesten Typen nicht bcsonders differenziert. Nur die Epidermis 
schloss wohl wie imnier bei den Kormophyten etwas fester zusammen als 
die anderen Zeliagen ; ihre Zellwande mogen auch vielfach etwas kraftiger 
gewesen sein als die innercn Rindenlagen. Dock fehlte eine ausgesprochene 
Annulus-artige Bildung. 

Eine Differenzierung des Sporangieninhaltes setzte 
schon relativ fruhzeitig ein. So wird bei den devonischen Psilophyten- 
Sporangien von Sporogonites exuberans^) mid HorneaLignieri nicht mehi 
der ganze Sporangien-Inhalt in Sporcnmasse verwandelt, sondern die 
Stele des tragenden Stieles setzt sich hier in einem offensichtlich der 
Sporenernahrung dienenden Zentralstrang, in einer Columella fort (Fig. 5). 
Eine solche Bildung feblt bei heutigen Pteridophyten-Sporangien, findet 
sich aber bei Moosen (die Hornea-Fonm insbesondere bei Sphagnum). 

Ich glaube aber nicht, dass man aus dieser gemeinsamen Columella schliessen 
diirfte, dass Hovnea mit den Moosen enger als mit den iibrigen Psilophyten verwandt 
sei. Und der Gedanke einer „sippenpliylogenetischen -) Zwischenform” zwischen 
gleichaltrigen Gattungen ist ja von vornherein unphylogenetisch. Er entstammt 
dem nicht-phylogenetisch eingestellten, rein systematischen Vorstellungskreis, der 
die gleichzeitig lebenden Organisnien in eine lineare Stufenfolge einordnet. Viel- 
mehr betraciite ich diese Columella als eine durch den gemeinsamen Grimdaufbau 
der Archegoniaten-Sporophyten (Gewebegliederung der Telome) nahe gelegte Pa- 
rallelbildung. Eine schwach ausgebildete Columella besassen librigens auch die 
Sporangien von Lepidostrobus. 

Eine andersartige Arbeitsteilung des Sporangieninhaltes finden wir bei 
den Elateren von Equiseium. Sie sind offensichtlich eine sehr jungeErwer- 
bung. Mindestens in den wohl erhaltenen Calamiten -Sporangien fehlen sie. 
Wie weit sie in spateren Artikulaten-Sporangien etwa nur wegen mangel- 
hafter Fossilisation nicht mehr erkennbar sind (vgl. Halle 1908 und Hx\r- 
Ris 1931 liber Equisetites) , ist im Einzelfall schwer zu entscheiden. 

Auch die Sporangienwandung hat sich differenziert und zwar in 2 
Haupt-Typen : 

E u s p o r a n g i a t e r T y p. Er ist im Grunde schon bei Rhynia aus 
dem Mitteldevon angedeutet. Der Unterschied gegeniiber dem fiir alle 

0 Halle, 1936 rechnet mit der Moglichkeit, dass die Columella bei Sporogonites 
durch ungleiche Fossilisation vorgetauscht wird. 

In bezug auf einzelne Merkmale und Organe (also „merkmalsphyletisclYO 
kann selbstverstandlich ein Organismus auch zwischen gleichaltrigen Organismen- 
gruppen vermitteln. 
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bekannten Sporangien anzunehmencien Ur-Typ besteht im wesentliclien in 
einer starkeren Differenzierung der Wandungs-Zellagen, die aiidi bei der 
Reife alle noch vorhanden sind. Ontogenetisch ist dieser Typ weiterhin 
dadurch charakterisiert, dass im Augenblick der Emporwolbung aus dem 
tragenden Organ eine grossere Anzahrvon Zellen beteiligt ist. Das ent- 
spricht noch dnrchaus dem primitiven Telomcharakter, aber aiich der 
Bildungsweise von kormophytischen vSeitenorganen (Blattern, Seiten- 
sprossen usw.). 

Als weitere Differenzierung finden wir bei soichen eusporangiaten Spo- 
rangien nieist eine Verst arkung der Wanduiig (mit Ausnahme der Ausseii- 
wand der Epidermiszelien) . Bei Rhynia sind noch alle Epidermis-Zellwancle 
einigermassen gleichmassig verstarkt, wahrend bei und bei 

manchen Coenopteridales, wie Stmiropteris der Scheitel von dieser Ver- 
dickung ausgenommen ist, so dass wir hier deutlich eine {hei Zoster ophyl- 
him myretonianum nach Lang spaltformig verbreiterte) Oeffnungsstelle 
praformiert finden. Die verdickten Zellen beginnen dAmit deutlich als 
„ Annulus’' lokalisiert zu werden. Entsprechend der urspriinglich allgemein 
verdickten Epidermis sind jedoch die ,, Annulus” Zellen bei den altertiim- 
lichen Formen meist in einer grosseren Zahl vorhanden als spater. Sie 
kdnnen recht verschieden gelagert sein, wodurch dann auch die Oeffnung 
z.B. von einem apikalen Porus zu einem in der Regel vom Apex ausstrah- 
lenden Langsriss umgewandelt sein kann. Flir die Einzelheiten dieser End- 
stadien der phylogenetische Sporangienumbildiing kann auf den speziellen 
Teil verwiesen werden. 

Eine andere Spezifizierung der Epidermiszelien besteht darin, dass nicht 
mehr die gesamte Zellwandflache verstarkt wiirde, sondern nur ein radial 
gest elites Rippensystem. Diese — offensichtlich fiir den Koliasionsmecha- 
nismus der Sporangienoffnung besonders wirkungsvolle — Umbildung der 
Epidermis als ,,Faserschicht” ist sehr ausgepragt bei den Calamiten-Spo- 
rangien. Bei Pteridophyten-Sporangien finden sich solche verdickte Zellen 
nur als „Exothecien”, in der Epidermis. „Endothecien” wie bei Angio- 
spermen, Ginkgo und Pseudolarix (vgL Zimmermann 1930, vS. 235) fehlen. 

Die innerste, unmittelbar an die Sporenmutterzellen (an das ,,sporogene 
Gewebe”) grenzende Zellschicht V¥ird zu einem besonderen Ernahrungs- 
bzw. Drlxsengewebe, dem ,,Tapetum”, das bei Rhynia ubrigens besonders 
resistent war. 

L e p t o s p o r a n g i a t e r Typ. Er ist eine jungere Umbildung der 
Sporangien, die sich vor allem bei den nach ihm bcnannten F'arnen findet. 
Er stellt sich im Gefolge einer Bergung der Sporangien ein. Sein Wesensziig 
ist das Schwacherwerden der Sporangienwandung, mindestens im Reife- 
zustand. Hand in Hand damit geht eine besonders spczialisicrte iVusbil- 
dung des Annulus, sowie eine Verlagerung der Offnungsstelle meist zu ei- 
nem Querriss. Dementsprechend lassen sich unter den heutigen leptospo- 
rangiaten Farncn 2 Gruppen nach Goebel unterscheiden : 
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1) Sporangiis iongicidis (Die Sporangieii offnen sich mit einem Langs- 
spalt): Osnmndaceae, Schizacaccae, Gleicheniaceae. 

2) Sporangiis brcvicidis (Die Sporangien offnen sich mit einem schief 
Oder transversal zur Langachse gestelltcn Querspalt) : Cyaiheaceae, Hymeno- 
■phyllaceae, I\)lypoduiceae, 

Die Wege, aiif denen diesc Umbildungcn vor sich gegangen sind, insbe- 
sondere die Frage einer etwaigcn Aclisenverschiebung, sind hier leider 
noch schr wenig untersucht, so dass ich mich auf einen Hinweis der spe- 
ziellen Endstadien beschranken muss. (Vgl. auch Goebel 1930). 

Deutlich ist dagegen eine Abwandlungslinie der Entstehungs- und 
Reifezeit der Sporangien eines Scjrus, wie sie Bower dargelegt hat. Bei den 
eusporangiaten Farnen und auch bei altertiimlichen Leptosporangiaten 
entstehen und reifen die Sporangien ungefahr zur gleichen Zeit („Simul- 
taneous Sorus*' bei ScJiizaeaceae, Gleicheniaceae und Matoniaceae), Die 
Mehrzahi der hentigen leptosporangiaten Farnen besitzt jedoch den ,, Mixed 
Sorus”. Die Sporangien entstehen und reifen zu sehr verschiedenen Zeiten 
und ohne eine durch ihre Stellung festgelegte Reihenfolge. Der ^Gradate 
Sorus” (z.B, bei den Dicksoniaceae und Loxsomaceae) mit strengerer Ge- 
setzmassigkeit der Entstehungszeit vermittelt wohl zwischen den beiden 
Gruppen. Der phylogenetische Fortschritt der ungleichen Reifungszeit 
der Sporangien liegt offensichtlich in der langeren Dauer einer Sporen- 
produktion. 


Die Sporangien konnen entweder einzeln fiir sich stehen oder vereinigt 
sein zu Sporangienstanden, die (je nach ihrer Grosse und nach ihrem Aus- 
bildungsgrad) Synangien, Sori, Sporophylle, Bliiten u.dgl. genannt werden. 
Die phylogenetische Umbildung der Sporangienstellung verlief nach den- 
selben Grundprinzipien wie die der vegetativen Organe. Das ist schon des- 
haib nicht iiberraschend, weil bei den altesten Pteridophyten die einzelnen 
Sporangien ganz offensichtlich den vegetativen Trieben, den Phylloiden 
„homotop'' sind. Daher bereitet es auch keine Schwierigkeit, diese alter- 
tiimlichen Sporangien und Phylloide im gemeinsamen Begriff „Telom'’ 
zusammenzuf assen . 

Ausgangsforni fiir die Sporangienstande ist wiederum die thallophytische 
Organisationsform gabelig verketteter Telome bei den Ur-Pteridophyten 
(ahnlich den Rhyniaceen, vgl. Fig. 3), Soiche gabelige Sporangiensttode 
finden sich iibrigens noch heute bei den Samenstanden von Ginkgo und bei 
den Mikrosporophyllen vcn Ricimis, 

Goebel nnd FIirmer vertreten allgemein das ^peltate SporophylL* als Ausgangs- 
form fiir die kormophytischen Sporangienstande. Das typische „pGltate Sporophyll 
so wie es aucli in alien Zeichnungen festgehalten ist, ist durch. die Anatropie der 
Sporangienstiele (vgl. Fig. 18) ausgezeichnet. Nach einer Diskussionsbemerkung 
Hirmers auf dem Ainsterdamer Botanikerkongress 1936 ist jedoch fiir das Hir- 
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Fig. 17 . Phylogenie der wichtigsten Sporophyiltypen 
A-M Gesamtansichten ; N-Q Querschnitte. 
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restliclien Mcrkmale ernes solchen ,,peltaten Sporangiums insbevSondere die 
radiare Anordnuiig der Sporangien. stimmen mit meiner Urform der Sporangien- 
stande (Ztmmermann 1930 und 1934) iiberein. Ich freue micli iiber diese sachliche 
tibereinstimmung mit EIirmer, halte abcr die Bezeichnung „peltates Sporophyll” 
fiir eine Aiisgangsform. ohne Ana, tropic der Sporangien fur unzweckmassig. Denn 
mit dem Bcgriff „peitates SporophyU” war bisher die Vorstellimg der Anatropie all* 
gemein vcrbnnden. Daher bleibe ich bei meiner 1930 gewahl ten Ausdrucksweise : 
„gabeliger Telomstand’’ bzw. gabeliger Sporangienstand. 

DieUmbildung zii den Sporophyllen und anderen abgeleiteten Sporangien- 
standen vollzog sich in prinzipieli der gleichen Weise wie die Umbildung 
der vegetativen Sprosse bzw. Blatter. Daraus ergibt sich die schon oft be- 
tonte ,,Homol()gie'’ von vegetativen und fertilen Kormophytenorganen, 
etwa der Laiibblatter und Sporophylle, der vegetativen Sprosse und Bliiten 
u.dgl. Wir finden also wiederum bei der Umwandlung fertiier Pteridophy- 
tenorgane folgende ,,Elementarprozesse'’: 

1) die Aggregation (typisch z.B. im ,,Sorus''), 

2) die Ubergipfelung (fiecleriges Sporophyll), 

3) die Verwachsung (Syngenie) entweder der Sporangien selbst zu Sy- 
nangien oder der tragenden Mesome zu Blattflachen, Plazenten, schild- 
formigen Bildungen usw, 

4) Die Reduktion. 

Dazu kommen noch spezifisch fertile Umbildungsvorgange, die auf eine 
Bergung der F'ortpflanzungsorgane hinauslauf en : 

5) Die Anatropie der Sporangien: 

6) „Verschiebungen'' der Sporangien, z.B. auf die Blattunterseite, durch 
starkeres Wachstum des deckenden Organs. (Vgl. z.B. Fig. 18N--Q). 

Angedeutet sind soiche Umbildungen schon bei den Psilophyten, ohne 
dass sich allerdings hicr charakteristische Sporophylle u. dgl. herausdiffe- 
renziert batten. So sind bei Hornea gelegentlich zwei Sporangien durch 
„ Aggregation'" stark genahert, oder durch „Syngenie" gewissermassen als 
Synangien seitlich verwachsen. Auch die anderen Elementarprozesse, ins- 
besondere die Ubergipfelung {Hostimella pinnata Lang) und die Anatropie 
{Psilophyton-ATten) sind vertreten. 

Fiir die typischen Sporophylle, die die einzelnen Pteridophyten- 
Abteilungen charakterisieren, ist jedoch ein bestimmtes Zusamrnenspiel der 
^Elementarprozesse" charakterisch. Wir konnen da unterscheiden : 

Das ^L^J-co-Sporophyirhin typischer Auspragung ein einUer- 
viges Blatt mit achselstandigem Sporangium (Fig. 18D). Wie die Bezeich- 
nung andeutet, hat es sich insbesondere bei den Lycopsiden herausgebildet, 
ohne darum den anderen Pteridophyten- Abteilungen (vgl. Sfhenophyllum- 
und $ Coniferen"Sporoph 3 dle) ganz zu fehlen. 

Die Aiisgangsform solcher Lyco-Sporophylle ist offensichtlich (wie z.B. 
Sykes ausgefiihrt hat) einXelomstand, der einerseits einen vegetativen und 
andererseits einen fertilen Abschnitt besitzt. (Fig. 18A). Da sich minde- 
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stens bei.den typischen „Lycosporophyllen” der vegetative Abschnitt nach 
aussen und der fertile nach innen kehrt, kann man (ohne damit eine phy- 
logenetische „Spaltung” zu behaupten) hier von einer ..serialen Spaltung”, 

besser von einem serialen „Gespaltensein” reden. 

Als makrophylle Parallelbildung finden wir eine solche Verkniipfungz.B. 
bei den Ophioglossales. Im allgemeinen ist aber die Zahl der in einem Lyco- 
sporophyll vereinigten Telome gering. entsprechend einer mikrophyllen 
Organisation der betr. Pflanze. Die weitere Umbildung verlauft gleichfalls 
offensichtlich unter Reduktionserscheinungen, sowohl der Sporangienzahl 
wie auch der tragenden Mesome. 

Durch Aggregation (Fig. 18C) werden in der Regel die Sporangien iinter- 
einander und mit dem vegetativen Abschnitt inniger verbunden. Insbeson- 
dere verschwindet der fur den Sporangienteil gemeinsame Stiel, so dass die' 
Sporangien gewissermassen auf der Flache des verschiedengestalteten ve- 
getativen Sporophyllabschnittes zu stehen kommen. Diese Zvvischenstufe 
eines vegetativen, blattahnlich ausgebildeten Sporophyllteiles und ihm 
aufsitzenden Sporangien ist charakterisch fiir manche Sporophylle der Noeg- 
gerathiales (einschl. Tingia), von Splienophylhmi (z.B. Sph. majus), oder 
auch von Pyoiol6pidodc%dyou und den von Bassler als ^^Ca^tihclzophoyidcs 
zusammengefassten palaeozoischen Lepidophyten. Fiir alle diese alter- 
tiimlichen 'Ubergangsformen zu typischen Lycosporophyllen ist charakte- 
risch, dass der fertile und der vegetative Teil noch einen gemeinsamen 
„Stier’, einen „Sporangiophor”, (vgl. Bower 1908) besitzen. Wie wohl 
nicht weiter ausgefiihrt zu werden braucht, bedeutet dann eine weitere 
Verkiirzung dieses Sporangiophors, bzw. dcs Sporophyllstiels, die Blatt- 
achselstellung der Sporangien oder des einen, infolge einer Reduktion 
iibriggebliebenen Sporangiums. Ja, es kann sogar zu einer noch weiter ge- 
henden Verwachsung des Sporangiums mit der Sprussachsc kommen, so 
dass die Sporangien etwas oberhalb des Sporophylls (bzw. seines vegetati- 
ven Teils) an der Sprossachse ansitzen. Fiir das typische Lycosporophyll 
ist dann schliesslich die Reduktion auf 1 Phylloid und 1 Sporangium 
charakteristisch. (Fig. 18 D). 

Natiirlich ist die Reihenfoige, in der diese einzelncn Prozesse der phylo- 
genetischen Umbildung („Elementarprozesse”) sich abgespielt haben, in 
den verschiedenen Stammreihen der Pteridophyten sehr verschieden ge- 
wesen. Verschieden ist auch der erreichtc Umbildungsgrad. 

Z.B. PsUoiuni und Tmesipteyis sind heute noch ausgezcichnet durch 3 
und 2 synangial verwachsene Sporangien. Ja gelegentlich finden wir auch 
bei rezenten Formen noch typische „Sporangiophore” (vgl. z.B. Sykes 
1908 und Lang 1908). 

Die vorgetragene Entstehungsweise eines Lycosporophylls entspricht der Re- 
duktions- und Syngeniehypothesc, (die sich nicht unterschoidon, wemi man die 

Nach Scott 1929, S. 83 sind diese Sporangiomstande librigens entgegen Hir- 
MER vorzugsweise gabelig gebaut. 
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Manual of Pteridology 


Fig. 18. Die 3 M 6 g 1 i c h k e i t e n 

L y c o-S p o r o p h y 1 1 s b z w. e 1 j ^stand, der serial verkettete Sporan- 
digen Sporangicn: a) Soorangiophors” (entspricht der 

gien and Blatter enthalt, ^^®-tfoplfo,hypothesei''undden 

..serialenTeilnng’). — b) aus ^ durch Zusammenriicken je eines 

selbstandige Sporangien und . reinen Sporangienstand durch allmah- 

Sporangiums und ^ .^Epigeniehypothese^’). -Die jeweils ausfallenden 

hchesHmzuwachsen der BUtter^{.,LP^g yp 
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anatomische Umbildung ausser Aclit lasst). Sie entspricht also iinserer obigen 
(S. 586) Ausfulirung fiir die vegetati'^en Lycoblatter. Eiiie kritische Behandlung 
der Frage muss auch hier samtliche denkmogliclien sonstigen Ableitungen des 
Lycosporophylls berticksicbtigen (vgl. Fig. 19) und die wahrscbeinlichste heraus* 
■wahlen. In Fig. 19 ist als Ausgangsform der gabelige Telomstand der Ur~Pterido- 
phyten gewahlt und gleichzeitig sind die Elementarprozesse der tibergipfeiung un- 
mittelbar mit den Prozessen der Reduktion bzw. Epigeiiie gekoppeit gezeichnet. Es 
sei jedoch die Frage offen gelassen, in welcher Reihenfolge sicli die beiden Prozesse 
(tibergipfeiung und Reduktion bzw. Epigenie) gewandelt liabeii. 

Fig. \9a und b, geben die LycosporophylbBildung durch Reduktion wieder. Es 
konnen sich dabei verscMedene Mesome reduziert liaben. Entwedcr wie in a (d.h. 
bei der mir fiir die Lycopsideu" wahrscheinlichsten Wandlungsweise) verschwinden 
die als „Sporangiophore" ausgebildeten Mesome. Oder — -wie das vielleicht fiir 
wirtelstandige Sporophylle moglicliist : — es werden entsprecliend Fig. 196 Mesome 
der Zapfenachse reduziert. Fig. 19^; macbt wohl nkbere Ausfiihrungen uber die 
epigenetische Entstehung eines Tragblattes zii den Sporangien entbehrlich, Sie ist 
mir, wie oben, S. 589, ausgefiihrt, unwahrscheinlich. 

Das peltate S p o r o p h y 1 1 ist — bei der iiblichen Begriffsab- 
grenzung, vgl. oben S. 605 — durch Anatropie aller einzelnen Sporangien 
gegen den gemeinsamen Stiel und durch schildformige Verbreiterung der 
gemeinsamen Sporangientrager bzw. Einzelstieie entstanden. Es ist fiir die 
Articulaten (Galamariaceen und Equisetaceen) typisch, aber wiederum auch 
gelegentlich in andern Pteridophytenabteilungen nachzuweisen: z.B. heu- 
tige r<3:j!c^^s-Mikrosporophylle und rhaetische, neuerdings von Harris 
aufgefundene Samenstande (von Lepidopteris Oiionis Goepp,). 

Eine typische Ubergangsform zum peltaten Sporophyll finden wir bei 
den altesten Articulaten, den Hyeniales (Fig. 18F). Abgewandelte Formen, 
bzw. Parallelforinen ergeben sich dann, wenn nicht jeder einzelne Sporan- 
gienstiel gegen die gemeinsanie Achse gebogen ist, sondern alle Sporangien 
nach einer Seite anatrop sich kriimmen. Dies kann auf zweierleiWeise be- 
wirkt werden. Sei es, dass die Sporangien einheitlich vom gemeinsamen Stiel 
weg gebogen sind, sei es dass sich jedes einzelne Sporangium fiir sich biegt, 
wie z.B. schon bei den Psilophyten oder bei vielen Sphenophyllen im Gefolge 
der iVchselstellung der Sporangienstaiide, Gerade bei blattachselstandigen 
Sporangien ist die Anatropie sogar sehr haufig. Es darf in diesem Zusam- 
menhang auch auf die $ Sporangienstande der Coniferen erwiesen werden. 

Die P t e r o - S p 0 r o p h y i 1 e (Fig. 1 8 I-M) sind fur die inakrophylle 
Organisation der Pteropsiden charakteristisch. Die typische Ausgestal- 
tungsweise ist das flachenformige, durch Ubergipfelung und Verwachsung 
gebildete Sporophyll (Fig. 18 L, M) mit randstandigen Sporangien, bzw. 
Sori. 

Gerade hier ist es besonders deutlich, dass sich die einzelnen Elementar- 
prozesse der phylogenetischen Abwandlung: die Ubergipfelung, Verwach- 
sung usw. ziemlich selbstandig abwandeln konnen. Wir wollen die Selb- 
standigkeit der Elementarprozesse in ihrer ph3dogenetischen Abwandlung 
nur an der Ausbildung von Sori verfolgen. 

Es gibt Pteropsiden wie Cladoxylon scopariuni Krausel u, Weyland 
(vgl. oben S. 480), bei denen die Sporangienstande sich ohne Sorus- 
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biidung unmittelbar in flaclienformige Sporophylle (bei Cladoxylon nocii 
vom Gabeltyp) zusamrnenziehen. Haufiger wird aber bei den Pteropsiden 
die radiare Verkettung in den Endauszeigungen der Sporangienstande 
beibehalten. Die Sporangien werden nur durch Aggregation in eine dicht 
gedrangte Gruppe ohne deutlich unterscheidbare Mesome, also in einen 
Sorus znsammen gezogen. Es ist niitziich, bier die 3 Differenzierungs- 
formen der Sporangienstande hinsichtiich ilirer Verkettungsebenen gegen- 
iiberzustellcn : 

Bei dem 

S 0 r u s, den Endauszweigungen, bleibt die radiare Verkettung erhalten. 

Bei dem 

Sporophyll, also bei mittel-umfangreichen Sporangienstanden 
wenigstens der ,,typischen’’ Pteropsiden verketten sich die Mesome (und 
Telome, soweit diese nicht zu Sori vereinigt sind) in einer Ebene. Bei der 
B 1 ii t e bleibt die radiare Verkettung erhalten. Diese Verkettungs- 
weise hat uns bei Besprechung der neuen Bliitentheorie von Thomas zu 
beschaftigen. 

P. Bertrand hat neuerdings (1934) dargelegt, dass selbst bei einer re- 
lativ einheitlichen Phyllomgestaltung wie beim paiaeozoischen Pecopteris- 
Blatt eine ganz verschiedene Sporangienstellung vorkommen kann. Es 
lassen sich bier unterscheiden : 

,^ssp.'’ Senftenbergia mit „acrostichoider'' Sporangienanordnung, d.h. 
Sporangien isoliert und nicht in Sori zusammengezogen. 

A sierotheca, typische Sori mit reiativ selbstandigen Sporangien 
auf der Blattunterseite, 

„ssp.’’ Zeillevia, Sori aus synangial verwachsenen Sporangien marginal 
gestellt ; 

,^ssp.'' Aciikeca, Sori aus .synangial verwachsenen Sporangien auf der 
Blattunterseite. 

Denken wir ferner an die Mdglichkeit, dass die Sporangien echte Sporan- 
gien Oder auch Samen sein konnen {Pecopteris Pluckeneti), oder dass um- 
gekehrt innerhalb der ^Familie'' der Schizaeaceae eine ubereinstimmende 
Sporangienform und Sporangienstellung sich mit einer sehr grossen Zahl 
von Phyllomgestaltungen verbinden kann (vgl. z.B. Bower 1926 und 
1935). Dann wird klar, dass die Aggregation zu Sori sich selbstandig in 
verschiedenen Reihen herausdifferenziert hat, dass aber auch die iibrigen 
Elementarprozesse der Phyllomgestaltung ebenso selbstandig verlaufen 
konnen. 

Sori und Synangien. Doch hat Thomas (1935) mit Recht dar- 
auf aufmerksam gemacht, dass innerhalb der Pteropsiden die Zusammen- 
ziehung der Sporangien zu Sori reiativ friih einsetzt, Er hat darauf seine 
Anschauungen liber eine Phylogenie der Pteropsidenbllite gegriindet. (Vgl. 
unten S. 613). Im Iibrigen haben sich die Sori namentlich bei den leptospo- 
rangiaten Farnen in sehr mannigfaltiger Weise durch Entstehung von Spe- 
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zialorganen, wie den die Nalirung aufnelimenden Plazenten iind von Hiill- 
organen (Indusien u. dgl.) weiter entwickelt. Ein Teii dieser iiidusien- 

artigen Bildungen ist bei dem (unten gescliilderten) „Verscliiebungspro- 

zess’’ der Sori auf die Blattunterseite entstanden. Andere Indusien haben 
wohl Emergenz-Charakter; dock muss wegen Einzelheiten auf die Schib 
derungen der speziellen Abschnitte verwiesen werden. Bei iiicht so stark 
geborgenen Sporangiengruppen, namentlich des eusporangiaten Types, 
wil'd offenbar vielfach die Widerstandsfahigkeit des einzelnen Sporangiums 
durch die synangiale Verwacbsung gefordert. 

Besonders eigentiimlich sind die neuer dings von Halle (1 933) eingehend 
untersuchten Synangien aus den Pteridospermengattungeii Witleseya u.a., 
die so stark verwachsen sind, dass sameiiahniiche Gebilde entstehen. 

S p o r 0 p h y 11 g e s t a 1 1 u n g. Im allgemeinen werden die Einzel- 
sporangien und die Sori bzw. Synangien der Pteropsiden zu typischen Spo- 
rophyllen vereinigt, Diese konnen mit der Assimilation dienenden Phyl- 
loiden kombinierte, „gemisclite’' Sporophylle sein, wie wir sie schon bei 
palaeozoischen Farnen (z.B. bei Archaeoptens), aber auch bei manchen 
Samenpflanzen (z.B. vielen Pteridospermen) finden. Je nach dem Grad 
dieser Vereinigung mit Phylloiden konnen wir 3 verschiedene Typen der 
Sporophylle herausstellen : 

1 ) die Sporangien bzw. Sori bilden r e i n f e r t i 1 e Sporophylle 
ohne Kombination mit Phylloiden (,/Holosporophylle'’ nach Goebel). 
Die strenge Arbeitsteilung in rein vegetative ,,Trophophylle'' und rein fer- 
tile Sporophylle scheint nicht ursprunglicli zu sein. Jedenfalls sind die an- 
deren Typen fossil friiher belegt. Pleute ist das „HoIosporophyir' z.B. bei 
MaUeucciaStruthiopteriSfAneimiamillefoliau.s..vertTeteii. 

2) Die Sporangien bzw. Sori bilden fertile A b s c h n i 1 1 e, die mit 
(nur aus Phylloiden zusammengesetzten) sterilen Absclmitten kombiniert 
sind. Je nach der gegenseitigen Lagebeziehung werden hier „akrotone’' 
Sporophylle mit apikalem fertilen Abschnitt, „mesotone und basitone" 
Sporophylle mit mittierem und basalem fertiiem Abschnitt tint erschieden. 
Solche Sporophylle sind schon selir alt, z.B. bei Archaeopteris-Arten 
nachgewiesen. Eine Spezialform dieses Typsist das Sporophyll der 
glossaceae, bei dem zwei gleichwertige Abschnitte, ein fertiler und ein 
steriler, miteinander vereinigt sind. 

3) Die M e s 0 m e (bzw, d e r e n p h y 1 o g e n e t i s c h e D e r i- 
vate) sind als Phylloide ausgebildet. Hieraus ergeben sich die 
typischen wie Laubblatter gestalteten „Farnweder' und ahnliche Bildun- 
gen, die in irgendeiner Weise die Sporangien „tragen'b Auf ihre Entstehung 
und weitere Umbildung gehen wir unten ein, 

Weiterbildung des Ptero-Sporophylls. Sehr haufig 


Schon der vermutHch silurische Psilophyt yarrixyza hatte nach Lang nnd Cook- 
son eine becherformige Umhiillung seiner vSporangien. 



W. ZIMMERMANN, PHYLOGENIE 


-)oroj)liylle jecloch aueh welter entwickelt als nur bis zum 
.^-Typ dnrch Obergipfelung fiederig (bzw. dutch Verwach- 
niarginal) gestcllten Sporangien (Fig. 18 N-Q). Bei den heutigen und 
irnen werden die Sporangien vieifach auf die Flache 
aui die Untcii'seite) verlagert. Es ist das typische Bild der meisten 
jrangiaten FarnwedeP) oder auch der Gymnospermen- 
>. Oder die Sporophyllflache kriimint sich ein warts, so 
angiosperme Hdhlung gelagert werden. Wenn die 
gien daixd — wie bcini Typiis dieser Umbildung, beim Fruchtkno- 
Fuller Plazenta — randstandig sitzen, kommen sie an die Ver- 
[ht. Aehnlich ist wohl auch die Umbildung bei den Sporokarpen 
'alien, wo die Sporangien schon auf die 

h r]] flache verlagert war en, kann sich ein solches Fruchtknoten-ahn- 

Ses Gebilde cntwickeln, wie Thomas (1935) fiir die Entwicklungsreihe 
der mesozoischen Samenpflanzen von Pteridospermen iiber Unkomasia zu 
den Caytoniales gezeigt hat. 


sind die Sj. 

Pteropside 

sung 

vielen fossiien 
(meist 

heutigen lept(isp( 

Mikrosporophj'lle 

dassdie Sporangien in cine 
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Innerhalb der makrophyll belaiibten Pteropsiden-Abtcilung hat sich auf pteri- 
dophytischer Basis vermutlich keine Blute herausgebildet. Wir brauchen daher 
dies Problem hier nur zu streifen. Die alte CELAKOVSKV^sclie .,StrobiIus’^theorie, die 
im Grunde der obeli ausgefiibrten Bildungsweise von Zapfen-bliiten entspricht, 
ist mit gewissen Abwandlungeii von den meisten Phylogenetikern bis in die letzte 
Zeit anch fiir die Entstehung der Pteropsidenbluten angenommcn wordcn. 

Erst kiirzlich bat Thomas (1935) eine grundsktzlich. neiie Auffassung in die 
Diskussion geworfen. Er leitet die Bliiten. nicht mehr von einem Spross ab, dessen 
Phyllome Spdropbylle sind, sondern von einem Sorus. Es ist einerseits sicher sehr 
verdienstlich, zu priifen, ob die bergebracbten Ansichten nicht auf vollig falschen 
Voraussetzungen beruhen, besonders verdienstlich, wenn die Kritik sich auf so 
bedeutsame Neufunde stiitzen kann, wie die Samenpflanzen fimdc von Thomas. 
Andererseits krankt schon die klassische Theorie der Blutenentstehung an der 
Scbwierigkeit, dass die Ausgangformen fiir die Pteropsidenblutesich vielleicht gar 
nicht in die Schemata: „Spross", „Sorus’' u. dgl. einzuordnen lassen. Man muss 
m.E. auch hier, wie so oft in phylogenetischen Dirigen, ganz scharf die Frage des 
natiirlichen Entwicklungsvorganges unci die Frage der Technik der Begriffsein- 
ordnung auseinanderbalten. 

Auch fiir die Pteropsiden ist die Umbildung zur Biiite offensiclitlich ein Prozess, 
der ausgeht von den wenig differenzierten radiaren Sporangienstandcn der Ur- 
Pteridophyten, und der beispielsweise zu den heutigen Phanerogamen-Biuteii ge- 
fiihrt hat. Dabei ist u.a. auch bei den Pteropsiden ein Teil der Mesome als „Sporo- 
phylle” in eine Ebene eingeriickt. Die entscheidende Ib'age schcint mir nur die zu 
sein; W a n n ist diese Sporophyllbildung, d.h. die Umwandlung der radiaren Ver- 
kettung innerhalb der Sporophylle zu einem flachigen Gebiide erfolgt? Erst relativ 
spat, als die Aggregation die gesamten fiir die kiinftige Biiite verwandten Sporan- 
gien schon Sorus-artig zusammengezogen hatte? Oder friiher? 

Kurz die Diskussion iauft — wenn wir uns frei halten von einem scholastischen 
Streit urn Begriffe — auf eine Erorterung hinaus, in welcher Reihenfolge 
die Elementarprozesse der Sporangienstcllung sich bei der Bliitenbildung gewan- 
delt haben. Und hier scheint mir ein sehr berechtigter Kern der TnoMAS'sehen An- 
schauungen der zu sein, dass tatsachlich fiir Pteropsiden, die eine Biiite erworben 
haben, die Sorusbildung sehr friihzeitig cinsetzte. Aber andererseits mochte ich an- 
nehmen, dass bevor sich die Langsachse samtlichcr zu einer Biiite vereinigten Spo- 
rangienstande als- Bliitenachse verkurzt hat, schon entsprechend der vStrobiliis- 
theorie typische Sporophylle wie bei den Ptcridospermcn entstanden waren. 

Jedenfalls fiir die Pteridophyten-Zapfen d^iv’Lyco^sidm.NoeggeratJiieae 
und Articulaten, auf die sich die THOMAS’sche Theorie ja gar nicht bezieht, 
scheint mir die ,,Strobilus” theorie diircliaus begrlindet. Den entscheiden- 
den Beweis sehe ich in den Fossil fun den, namentlich im ursprlinglichen 
Vorherrschen der locker gebauten und von vegetativenBlatterndurchsetz- 
ten Sporophyllsprosse. 

liber die Detailfragen der Articulaten-Blutenphylogenie, die eine ahn- 
liche Sonderimg von Begriffen und phylogenetischen Tatsaclien erfordern, 
kann ich wohi auf meine fruheren Ausfuhrungen (Zimmermann 1930 S. 173 
ff) verweisen. 

§ 8. Sippenphylogenie der Pteridophyten. — Der Stammbaiun Fig. 
20gibt in Verbindung mit der zuvor geschilderten Umbildung der einzeliien 
Merkmale die von mir angenommenen sippenphylogenetischen Zusammen- 
hange so weitgehend wieder, dass eine Erlauterung sich auf einige kritische 
Piinkte beschranken kann* 
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Solch ein Stammbaum, oder iiberhaupt jede sippenphylogenetische Aus- 
sage driickt eigentlich in erst er Linie die X^berzeugung aus, in welcber 
Reihenfolge sich die eiiizelnen Merkmale geandert, bzw. die charakteristi- 
schen Eigenschaften berausdifferenziert haben. Wenn wir beispielsweise die 
Abteilungen do^r Lycopsiden und der Articulaten unterscheiden, nnd ihnen 
(in engcrem Anschluss an die Articulaten) die Pteropsiden anschliessen, so 
driicken wir dam it aus, class sich nacli unset erAuffassung die den einzelnen 
3 Abteilungen gemeinsamen Eigenschaften relativ friih berausdifferenziert 
habein Wir nehmen also an, dass die Tendenz zur Mikrophyllie und zur 
Blattachsenstellung der Sporangien sich sehr fruhzeitig, schon bei den ge- 


P'lG. 19. stammbaum der Pteridopliyten, 


meinsamen Ahnen der Lycopsiden angebahnt hatte, wenn sie auch, wi,e 
wir ausgefuhrt haben, bei diesen altesten ,, Lycopsiden"’ keineswegs schon 
zur ^^typischen” Lycopsiden-Gestaltung gefiilirt hatte. Und ahnliches gilt 
fur die wirtelige Blattstellung sowie fur die Neigung der anatropen Ber- 
gung der Sporangien bei den Articulaten, oder fiir die vorherrschende 
Neigung zur Makrophyllie, zur Wedelbildung bei den Pteropsiden. 

Jedenfails schliesse ich mich der heute ziemlich allgemein durchge- 
drungenen Auffassung von Jeffrey an, dass die Hauptmasse der Pterop- 
siden zu,3 bzw. 4 Hauptgruppen, die zweckmassigerweise mindestens als 
Abteilungen zu bezeichnen sind, zussammengefasst werden konnen: 

Die Lycopsiden, die Articulaten und die Pteropsiden, wozu danneine in 
neuerer Zeit erst genauer bekannt gewordene gemeinsame Ur-Abteilung,die 
Psilophyten kommt. Allerdings kniipfen sich fiir jeden Phylogenetiker an 
eine solche Gruppierung von vornherein zwei fast selbst verst andliche An- 
il ahmen: 
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1) Jede dieser Gruppen kann aus sehr weitgeheiid getrennten Stamm- 
reilien bestehen, die sich vielleicht schon im Psilophyten-Stadium vonein- 
ander. getrennt haben. Ich babe diese Mdglichkeit z.B. bei den Lycopsiden 
dadurch angedeutet, dass die eligulaten Vertreter wie Lycopodium sehr 
fruhseitig von den ligulaten Lycopsiden abspalten. Sicherlich mlisste ein 
noch mehr ins Detail gehender Stammbaum — wie er fiir eiiie Ubersichts- 
darstellung der Pteridophyten teclinisch unmoglich ist — noch, viel mehr 
solche Parallel-Stammreihen aufzeichnen. Z.B. sinddie Plydropterides be~ 
stimmt keine ganz einheitliche Gruppe. In wieviel Gruppen sie allerdings 
phylogenetisch zu gliedern sind, und wo sie im einzelnen anschliessen, ist 
noch ungeklart (vgl. dazu Zimmermann 1930 und die dort zitierte Litera- 
tur). 

2) Ausser den 3 Hauptabteilungen dlirfen wir damit rechnen, dass es 
noch weitere ganz unabhangige Stammreihen gibt, deren Vertreter sich 
nur sehr schlecht in eine der 3 Haupt-Abteilungen pressen lassen, weil die 
phylogenetischen Zusammenhange allzuweit, schon bei den Ur-Psiiophy- 
ten, zuriickliegen. Auch hierfiir habe ich gewissermassen nur als 
Beispieie — die Psilotales, die Noeggerathiales und Dolerophyllum ein- 
getragen. 

Vielleicht ist es ferner unrichtig, makrophylle Typen wie die Sphenophyl- 
Wes (einschl. der Cheirostrohales und Pseudohorniales) in eine engere Ver- 
wandtschaft mit den Equisetales zu bringen, oder Pleuromeia mit den 
Lycopsiden zu vereinigen. 

Gerade das letztgenannte Beispiel ist ein gutes und in letzter Zeit mehr- 
fach diskutiertes Beispiel (vgl. z.B, Magdefrau und Hirmer), urn die 
Schwierigkeiten solcher sippenphylogenetischer Aussagen zu erlautern. 
Der auch von mir, in Ubereinstimmung mit Magdefrau und Hirmer ge- 
zeichnete Anschluss (Fig. 20) von Pleuromeia an die Lycopsiden wird ge- 
stiitzt durch die grosse Ubereinstimmung im vegetativeri Gesamtaufbau. 
Wir nehmen also bei dieser Staminbaumkomstruktiori an, dass die vegetati- 
veil Grundeigentiimlichkeiten wie die vStammbildung mit mikrophyller Be- 
blatterung, die Stigmarien usw. sich zuerst in einer flir die Lepidophyten 
charakteristischen Weise herausdifferenziert hatten, so dass wir einen kar- 
bonischen iVhn von Pleuromeia, den uns ein gunstiger Zufall in die Hande 
gespielt hatte, zu den Lepidophyten stellen wlirden. 

Die Schwierigkeit liegt in der Sporophyliform: als einzige Ausnahme un- 
ter den bekannten Lycopsiden hat Pleuromeia die Sporangien hochst- 
wahrscheinlich auf der Blattimterseite I 

Eine wissenschaftliche Diskussion ist nur unter Beriicksichtigung des 
hologenetischen Rahmens mogiich. Derartige Sporophylle — einerlei ob 
die Sporangien oben oder iinten sitzen — gehen am Vegetationspunkt aus 
undifferenzierten (wenn auch meist schon determinierten) Hockern, ahn- 
lich der Fig. 21 hervor. Beim Lycopsidentyp wird der obere und beim Pleu- 
romeiatyp der untere Abschnitt fertil. Wenn, unserer Annahme entspre- 
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chend, all die verscliicdeRcn Sporophylltypen sich auf einen einheitiichen 
wenig difl’erciiziertcn Tclomstand zuruckflihren » 

lassen, muss auch bei der Entstehung des Pleuro- i 
^^wtyps cine UiiKletcrminierung in irgcnd einer \J ) 

Form stall' gei'un den ha.ben: Das ernbryonale Ge- 
webe, das en ts])rechend der Fig, 21 mindestens ^ ( 

in einer hologenelisclien „Seitenkctte” aus der • I 
Oberseite vSporaiigien liefert, liefert in der zu 
’Pleuromeia fiihrenden hologenetischcn Kette die 
Sporangien axis der Unterseite ^). 

Die vcrscliieden beantwortbare Frage ist nur 
die: Wanii hat diese Umdeterminierung stattgef unden? Da kommen 
zwei Zeitpunkte in Frage: 

Entweder, wie das der oben geschiiderten MlGDEFRAU-HiRMERschen 
Ansicht entspriclit : N a c h der Flerausbildung des Lycopsiden-Typs als 
eines Alins von Pletwomeia. Ein derartiger phylogenetischer Ablaut ware 
durchaus nidglich. Nur fehlen ieider fur eine soiche Auffassung alle fossilen 
Belege. Es fehlen vor allem entsprechende Ubergangsformen innerhalb der 
Lycopsiden. Denn wenn eine soiche spate Umdeterminierung stattgehabt 
hiitte, dann dtirfen wir — in Ubereinstimmung mit gut bekannten ahn- 
lichen Umbildungsvorgangen — annehmen, dass die Umdeterminierung 
sich nicht mit einem Schlage irreversibel volizogen hat. Vielmehr ist wahr- 
scheiniicher, dass es zunachst auch Ubergangsformen gegeben hat, die etwa 
im selben Zap)fen obcr- und unterstandige Sporangien vereinigt hatten. Ob 
nun soiche Ubergangsformen nur wegen der bekannten Mangelhaftigkeit 
der pflanzlichen fossilen Uberlieferung aus dem oberen Perm und der un- 
teren Trias unbekannt sind, oder ob sie xiberhaupt nicht existiert haben, 
mxissen wir dahin gestellt sein lassen. 

Oder aber die verschiedenartige Deter minierung der Sporangien stellung 
von Pleuromeia und den anderen Lycopsiden hatte auf einem so friihen Zeit- 
punkt stattgefunden, dass die Entscheidung, ob Ober-oder Unterseite zu 
Sporangien determiniert werden, noch nicht streng festgelegt war. Kurz 
diese zweite Auffassung fiihrt die verschiedenartige Sporangienform von 
Pleuromeia und den Lycopsiden bis auf einen psilophyten-ahnlichen Urtyp 
zuriick. Damit aber nehmen wir an, dass sich zuerst die Sporophyllgestalt 
herausdifferenziert hatte, und dass sich erst nachtraglich die xibereinstim- 
mende vegetative Grundgestalt von Pleuromeia und den Lepidophyten ge- 
wandelt hatte. Auch fur diese 2. Auffassung fehlen fossile Belege, so dass 
mir eine sichere Entscheidung zwischen den zwei Auffassungen heute 
nicht mdgiich scheint. 

Kurz, das sippenphylogenetische Pleuromeia-ProhXtvCL gehort zu jenen 


Fig. 20. Embry onalzu- 
stande von Sporophyl- 
len. Links Sporangien- 
teil (schraffiert) unten 
rechts oben. 


Thomson, 1909 hat in entsprechender Weise bei der Conifere Saxegothaea 
•§ Sporangien auf der Sporophyllunterseite beobachtet. 
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sippenphylogenetischen Einzelproblemen, die deshalb so umstritten sind, 
weil der entscheidende Teil der Merkmalsphylogenie, bier der Sporophyll- 
phylogenie, hinsichtlich des Wandlungszeitpunktes noch ungeklart ist. 

tJberhaupt muss aueh hier eines unterstrichen werden : Im Gegensatz zu 
den auch in vielen Einzelbeiten wohl begriindeten merkmalsphyletischen 
Anschauungen, sind die sippenphyletischen Anschauungen gerade in 
ihren Einzelbeiten noch sehr wenig geklart. Auch mein Stammbaum Fig. 
20 soli nur ein Anhaltspunkt sein fiir kiinftige phyletische Forschung. 
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— ~ jubatus 488. 

— “ nmltiramis 12, 13, 14. 

— Schuizi 516. 

— Suckowi 488, 491, 516. 
varians 491. 

Calamocladus 488. 

Caiamodendron 92, 480, 512, 515. 

— gigas 515, 

— undiilatus 515. 

Calamophyton 479, 511, 512, 556. 
Calamostachvs 35, 40, 41, 47, 480, 491, 

512, 514, 518, 519, 562. 

— Binneyana 519. 

— Casheana 47, 519. 

— raagnae crucis 41. 

Calidion 145. 

Callipteridium 585. 

Callipteris 585. 

— conferta 584. 

— strigosa 584, 

Calomophyllites verticillatus 12. 
Calymmodon 549. 

Camarosporium Asplenii 151. 

Cainptodium 458, 544. 

Camptopteris 485, 554. 

Camptosorus 463, 541. 

— rhizophyllus 324, 327, 392, 395, 402, 
422, 423. 

— - sibiricus 395, 402. 

Campylogramme Trollii 332, 334. 
Campyloneumm 458. 

Caragandites 478. 

^ — riigosus 486. 

Cardiocarpon 500. 

Cardiornanes 386, 455, 463, 531. 
Cardiopteris 584. 

Carex 415. 

Caulerpa 6. 

Caulopteris 482, 553. 

Cecropia 442. 

Cephalotheca 481. 

Cephalotheciura roseum 142. 

Ceratopteris 112, 113, 119, 129, 135, 143, 
306, 307, 310, 383, 385, 416, 418, 445, 
460, 473, 537. 

— thalictroides 135, 204, 260, 309, 326, 
327, 328, 332, 398, 416. 

Cercospora Asplenii 151. 

Ceropteris 538. 

Gerosora 459. 

Ceterach 339, 386, 391, 394, 412, 418, 462, 
541. 

— officinarum 339, 392, 407. 


Balantiuni 552. 

— culcita 533. 

Baragwanathia 31, 32, .GG .55, 479, 499, 589. 

. — long! folia 27, 490. 

Barinophyton 498. 

Barrandeina 499, 550 557, 5B3. 

Bathypteris 433. 

— rhoniboidaiis 4b7. 

Bernouillia 482. 

Blechnum 306, 400, 413, 461, 472, 532, 540. 

— auriculatum 408. 

— brasilicnso 316, 325, 331, 331, 352, 354, 
374, 375, 376. 

— capcnse 326, 332, 400, 45.5. 

— discolor 447. 

— Frandi 402. 

— lanceolatuin 443. 

— nipporiicum 205. 

— occidentale 246, 247, 24'5, 316. 

— orieutale 151, 444. 

— penna-rnarina 390, 455, 472, 

— proceniin 401, 44 o. 

— Sodiroi 395. 

-- Spicaiit 146, 363, 385, : 388, 392, 409. 

— tabalaro 390, 400, 455, 472, ■ 

— voliibile 401, 

Boogendorffia 556. 

Bolbitis 459, 544, 545. 

Bommeria 462, 53b, 

Bothrodendrou 47, 478, 490, 505, 506. 

— aiitrirnense 572, 

— miindiiiii 562. 

Bothrostrobiis 4 86 . 

Botrvchioxvloii, 86, 87, 481, 491, 552. 
Botrvchium 86, 87, 90, 94, 97, 103, 119, 
120, 121, 167, 239, 245, 274, 321, 324, 
336, 412, 41S, 419, 4.55, 456, 460, 527. 

— aii.stralc 174. 

— lanceolatuin 174. 

— laniigtnosum 411, 

— Lmiaria 48, 151, 171, 173, 383, 393, 398, 
412, 419, 455. 

— raatricariae 151. 

— obliquiim 43. 

— oriondagenso 412. 

— ternatmii 151. 

— virginianuiH 107, 167, 237, 244, 270, 
273, 412. 

Botryopteris 431, 552. 

Botrytis cinerea 144. 

— longibrarhiata 144. 

Boweria 434, 554. 

Bownianites 433. 

— la.Kus 488. 

Brachysporiiiiri Crepiui 152. 

Brainea 462, 541. 

— insignis 641. 

Broeggeria 557. 
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Coniopteris arguta 494. 

— delicatula 494. 

— hymenophylloides 494. 

— lobata 494. 

— ■ neplirocarpa 495. 

Coniosporium 144. 

Cooksonia 498. 

Cordaites 580. 

Coniopteris 542. 

Corticmm 146. 

— anceps , 146.' ' 

— - koleroga 145. 

: — ■ Solani: 146. , 

Coryriepteris 481, 552. 

Craspedaria 458, 549. 

— • piloselloides 549. 

— * vaccinilfolia 549. 

Craspedodictyon 458. 

Craspedodictyurn 538. 

Craterium minutvirn 153, 155. 
Crossotheca 482, 518, 553. 

— pinnatifida 553. 

Cryptogramma 391, 409, 455, 463, 

537. 

— acrostichoides 409, 410. 

— crispa 338, 392, 393, 394, 409. 

-- Stelleri 388, 393, 410. 

Cryptornyces Pteridis 148. 

Crvptosorus 549. 

Ctenitis 459, 544. 

Ctenopteris 460, 549. 

Culcita 461, 533, 534. 

— iiiacrocarpa 419. 

Ciiscuta curopaea 399. 

Cyathca 405, 440, 442, 456, 460, 533, 

— arborea 150. 

— boninsinensis 400. 

-- dealbala 326, 332, 447. 

— Maniiiana 439. 

— iiKKlullaris 144, 209, 326, 332, 447. 

— nioluccana 78, 81. 

— serra 350. 

— sinuata 44. 

Cyathodhiiii cavcnianini 426. 
Cyciodeadroii 478, 556. 

— Lcslii 490. 

~ .Mathieui 490. 

Cyclodiuni 458, 543. 

Cyclopeltis 457, 543. 

Cyclophoriis 391, 432, 460, 543. 

— acrostichoides 145. 

— adnasceris 205. 

“ lingua 385, 402. 

— serpens 448. 

Cyclopteris 581, 585, 

CydoBorus 461, 544, 545. 

Cydostignia 478, 490, 503, 506, 600. 

australe 490. 

— Kidstoni 506. 

— Kiltorkense 506. 

— VV.ijkianurri 506. 

Cyclotheca 486. 

Cyiindrockulium IHeridis 151, 
Cyrtotniuni 462, 543. 

Cystodiuin 458, 533. 

Cvstoptens 129, 326, 388, 394, 402, 
461, 541, 542, 543. 

— alpina 129. 

— bulbifera 129, 332, 395. 


Chara 222. 

Chasmatopteris 483. 

— principalis 487. 

Cheilanthes 359, 386, 391, 392, 407, 461, 
472, 485, 529, 539. 

— Feei 407. 

— pteridioides 407. 

— varians 395. 

Cheilanthopsis 459, 537, 539, 

Cheiropleuria 462, 546. 

Cheirostrobus 32, 34, 35, 41, 479, 612, 513, 
514, 518. 

Chiropteris 486, 495. 

— copiapeiisis 495. 

— cuneata 495. 

— Etheridge! 495. 

— lacerata 495. 

— tasmanica 495. 

— Zeilleri 495. 

Christensenia 459, 527, 528. 

Christiopteris 458, 546, 547. 

Chytridium subangulosum 152. 

Cibotium 418, 443, 461, 533. 

— barometz 419, 443. 

— Chamissoi 351. 
rnacrocarpa 533. 

— Schiedei 144, 326, 332. 

Cicendia 415. . 

Cingularia 480, 512, 514. 

— cantrilli 514. 

— typica 514. 

Gionidiiim 459, 544. 

Cladonia 406. 

Cladophlebis 483, 492, 494. 

— - adnata 487. 

— Alberts! 494. 

— antarctica 494. 

— australis 492, 494. 

— Browniana 494. 

— concinna 494. 

- — denticulata 494. 

— indica 494. 

— Johnstoni 494. 

— riebbensis 494. 

— Nystroemi 489. 

— oblonga 494. 

— Roylei 492, 494. 

— sublobata 494. 

— tasmanica 494. 

— tychtensis 487. 

Cladosporium lierbarurn 143. 

Cladoxylon 480, 556, 564, 597, 598, 599, 

611. 

— mirabile 666, 597. 

— scopariurn 499, 556, 597, 610. 

— taeniatum 556, 597. 

Clathraria 506. 

Clathropteris 485, 554. 

— poiyphylla 495. 

Clepsydropsis 481, 656, 564, 697. 

— australis 564. . 

Cochlidium 458, 549. 

Colchicum 413, 

Colletotrichuin 161. 

Colysis 462, 548. 

Completoria complens 143. 

Coniogranime 205, 208, 459, 538, 

— japonica 154, 

Coniopteris 484. 
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Diplazium expansum 158. 
melanocauion 326, 332. 

— pallidum 150. 

Dipiolabis 481, 552. 

Diplophyllum albicans 404. 

Diplora 458, 541. 

DiploscMstes 399. 

Diplostachium 500. 

Diplotmema 582, 584, 585. 

Dipteris 456, 462, 464, 545, 546, 582. 

— conjugata 456. 

— Lobbiana 434, 435. 

Dischidia 433. 

Discopteris 483, 553. 

— kogendoensis 489. 

Distichium 406. 

DitriGhum 406. 

Dolerophyllum 561, 616. 

Doodia 237, 241, 249, 253, 316, 462, 540. 

— ’ aspera 316, 

— caudata 114. 

— media 205. 

Doryopteris 456, 459, 471, 539. 

— concolor 455. 

Dracaena 9, 53. 

Drepanophycus 479, 496, 499, 556, 562, 588. 
Drosera 405. 

Dryraoglossum 433, 457, 548. 

— microphyllum 205. 

' piloselloides 432. 

Drymotaenium 462, 547. 

Drynaria 323, 431, 432, 462, 485, 548. 

- — heraclea 323, 332, 333. 

— rigidula 326, 330, 332. 

Drynariopsis 548. 

Dryopteris 206, 210, 219, 247, 254, 259, 
314, 317, 363, 384, 410, 413, 438, 460, 
464, 526, 536, 541, 542, 543, 544. 

— africana 205. 

— atharaantica 358, 418. 

— austriaca 204, 364, 365, 366, 367, 368, 
369, 370, 373. 

— barbigera 409. 

— • Braunii 393. 

■ — canescens 150. 

— cristata 363, 393, 414, 455. 

— decussata 325. 

~ dentata 206, 207, 212, 216, 217, 233, 

243, 246, 248, 251, 253, 265, 267, 316, 

318, 455. 

— dilatata 336, 455. 
dissecta 426. 

— erythrosora 154. 

Filix-mas 16, 85, 110, 146, 149, 151, 

204, 205, 206, 219, 236, 240, 241, 242, 

254, 257, 258, 260, 263, 267, 268, 269, 

270, 273, 278, 280, 281, 285, 308, 316, 

326, 332, 353, 354, 355, 356, 359, 360, 377, 
378, 379, 380, 381, 394, 399, 409, 418, 
543. 

— fragrans 409. 

— Goldiana 393. 

— ■ gongylodes 414, 455. 

— hexagonoptera 410. 

— birtipes 268, 269, 273, 281, 332. 

— inaequifolia 408. 

— Linnaeana 410, 544. 

— marginalis 278, ,279, 280, 297, 298, 332, 
409, 418. 


fvstoptcris fragilis 129, /ov, og 

352 ! 363, 388, 390, 391, 392, 39; 
407 ’, 409, 454, 542. 
montana 129, 149, 393, 408. 

— regia 393, 408, 409. 

Dactvlotheca 486, 554. ^ 

Danaea 164, 166, 311, 458, 528. 

— elliptica 95. 

Danaeites 482, 553. 

Danaeopsis 482, 553. 

— cacheutensis 493. 

Davallia 461, 485, 534, 535, 536, 

— bullata 361, 375. 

— canariensis 326, 327, 328, 33( 
402, 535. 

— ■ solid a 205. 

Davallodes 458, 536. 

Dawsonites 477, 498. 

Delphinium 25. 

Demetria 478, 

— asiatica 486. 

Dendraena 434, 554. 

Dendroconche 469, 548. 
Deniistaedtia 401, 445, 460, 533, 5.' 

— coniuta 83, 26 1 . 

— punctilobula 394, 409. 

— ■ rubiginosa 84. 

— rufescens 84, 

Deparia 123. 

— Moorei 122, 123. 

Desmella 145. 

Desmopteris 585. 

— Integra 584. 

— serrata 584. 

Diacalpe 459, 542. 

Diachaea leucopoda 153. 

Dicksonia 158, 308, 405, 460, 533. 

— antarctica 309, 354. 

— Berteroana 472. 

— Dayi 326, 332. 

— fibrosa 326, 332, 447. 

— lanata 401. 

— Sellowiana 400, 419. 

— squarrosa 326, 384, 447. 
Dicranopteris 460, 530. 

— linearis 530. 

— pectin ata 530. 

Dictyocline 459. 

Dictyophylluni 485, 495, 554. 

— acutiloburn 495. 

— Carlsoni 495. 

— Davidii 495. 

— obtusilobum 495. 

— rugosum 495. 

Dictyota dichotoma 566. 
Dictyoxiphiuin 458, 535, 
Dictyoxylon 600. 

Didyrnium difforine 153. 

— effus^iui 153. 

Didyrnochlacna 457, 543, 544, 545, 

— lunulata 455. 

Diellia 459, 535. 

Dineuron 481. 

Diplasterotheca 482. 

Diplaziopsis 458, 

Diplazium 460, 541, 542. 

— celtidifolium 324, 332, 426. 

— esculentum 129, 335. 
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Dryopteris normalis 151. 

— noveboracensis 409, 

— oreades 409. 

Oreopteris 393, 409. 

— oyamensis 410. 

— parasitica 152, 197. 

■ — Phegopteris 332, 393, 410, 544. 

— proHfera 395. 

— - pulehella 149. 

— Raddeana 409. 

— remota 236, 241, 245, 251, 253, 254, 
255, 257, 259, 263, 268, 269, 270, 272, 
273, 274, 281, 285, 336, 410. 

■ — rigida 357, 363. 

— Robertiana 393, 410, 544. 

— setigera 261, 263. . 

— soplioroides 154. 

— spinulosa 145, 146, 149, 151, 241, 242, 
254, 257, 260, 263, 271, 273, 285, 358, 
361, 365, 366, 369, 370, 373, 394, 409, 
455. 

— stipeilata 325. 

Thelypteris 204, 332, 413. 

— Thomsonii 325. 

— triphylla 205. 

— Villarsii 393, 409. 

Dryostachyum 548. 

Duisbergia 499, 556. 

Dutoitia 477, 498. 

— pulchra 490, 

Dysoxylum spectabile 384. 

Eboracia, 484. 

— lobifolia 495. 

Egenolfia 459, 545, 

E^ichhornia 417, 418. 

Eichwaldia 478. 

— biarmica 486. 

Elaeis 430. 

Elaphoglossuni 386, 432, 453, 456, 460, 
472,526,549. 

— palustre 402. 

Elatine 416. 

Elatostema 466. 

Eleocharis dulcis 444. 

Eleuterophyilum 478. 

— mirabile 565, 590. 

Enterosora 458, 549. 

Entyloma Aspidii 149. 

— Nephrolepidis 149. 

— polysporiurn 156. 

Entylornella Aspidii 149. 

Eospermatopteris 480, 499, 552, 555, 572. 
Ephedra vulgaris 312. 

Epirrhizanthes 191. 

Equisetites 480, 493, 512, 517. 

— approximatus 493. 

— arenaceus 517. 

— calamitinoides 491. 

— Czekanowskii 487. 

— morenianus 491. 

— Mougeoti 517. 

— Nicoli 493. 

— platyodon 493. 

— rajrnahalensis 493. 

— rotiferum 493. 

— wonthaggiensis 493. 

Equisetum 1, 5, 8, 9, 14, 26, 28, 29, 33, 34, 
40, 42, 47, 48, 63, 68, 74, 77, 86, 94, 98, 


100, 107, 108, Ml, 114, 115, 117, 118, 128 
129, 143, 154, 155, 192, 194, 197, I99’ 

202, 203, 219, 222, 226, 227, 228, 23o’ 

235, 236, 237, 239, 244, 245, 248, 249’ 

252, 255, 2.56, 259, 261, 274, 285, 306’ 

307, 308, 309, 311, 332, 339, 341, 342’ 

383, 384, 385, 390, 392, 394, 396, 418’ 

419, 454, 456, 461, 463, 511, 512, 513’ 

514, 517, 518, 519,-520, 521, 522, 561, 
562, 564, 575, 590, 600, 603. 

— arvense 12, 25, 63, 109, 118, 129, 143, 

154, 199, 202, 203, 204, 227, 228, 229, 230 
231, 235, 253, 254, 259, 267, 275, 276’ 

308, 349, 350, 353, 363, 385, 390, 394’ 

397, 414, 418, 454, 473, 590. 

— debile 227. 

— ■ fluviatile 40, 65, 353, 415. 

— gigantciini 561. 

— Hcleocharis 63, 414, 520. 

— hiemale 69, 118, 154, 349, 350, 392, 
411, 414, 455. 

— Kansanum 109. 

— laevigatum 154. 

— limosum 63, 113, 119, 129, 143, 154 

203, 204, 227, 228, 229, 231, 275, 276, 
361, 414, 417. 

— littorale 63, 415. 

— maximum 63, 336, 349, 352, 353, 361, 
363, 392, 411. 

— Moorei 415. 

— palustre 2, 63, 111, 143, 231, 308, 353, 
359, 360, 394, 411, 414, 455, 473, 520. 

— praealtuin 154, 414. 

— pratcnse 63, 411, 455. 

— ramosissimum 69, 204, 411, 414. 

— Schaffneri 111, 129. 

— scirpoides, 390, 414, 454, 455. 

— silvaticurn 63, 154, 155, 204, 411, 454. 

— Telrnateja 109, 118, 130, 131, 204, 228, 
349, 350. 

— trachvodon 415. 

--- variegmtum 108, 231, 388, 390, 414, 454, 
4,55. ■ 

Ereinoptcris 585. 

Jiri<'>caulon 415. 

Eschatograinme 458, 548. 

Etapteris 481, 552. 

Eucalaniites Brongniarti 516. 

3-iupatorium pcrfoliatum 414. 
Eiirhacoj>teris 435. 

Fadyenia 395, 458, 544. 

Festuca valiesiaca 412. 

Fissidens 406. 

Freycinetia Bauksii 384. 

Fuchsia excortirata 384. 

Fncus 6. 

Fusarxum 147. 

— avenaccum 154. 

— bulbigenum 154. 

— liquiseti 154. 

— grauiiueariim 155. 

*™’ roscum 155. 

Gahnia javanica 446. 

Galcola hydra 165. 

Galtonia 249. 

Gangamopteris 585. 

Gastrodia callosa 165, 183. 
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Gaultheria fragantissinia 446. 

Geranium 44. 

silvaticum 411. 

Gibberella Saubirietii 155. 

Gigantopteris 562, 601. 

Ginkgo 604. 

Glaphvropteris 544. 

Gleiclieriia 45, 4-10, 413, 424, 442, 443, 444, 
445, 448, 461, 472, 494, 530, 531, 554. 

— cryptacarpa 390. 

— linearis 443, 455. 

— pectinata 78, 79. 

Gleichenites 484. 

— acutus 494. 

— ■ gleichcnoides 494. 

— rnicronierus 494. 

— pectinata 494. 

-- rewahensis 494. 

— saniuartini 494. 

Gloeosporiiiin 149.* 

— - Equiscti 154. 

— Kriegerianurn 154. 

— leptosperrnum 151. 

— necans 151. 

— Nicolai 151. 

— Osmundae 151. 

— Phegopteridis 151. 

— Polypodii 151. 

— Ptcridis 148, 151. 

GlornereJla Nephrolepis 151. 

Giossopteris 400, 585. 

Goeppertella 485, 554. 

Gonatosorus 484. 

Goniophlebiurn 548, 

Goniopteris 458, 545. 

Gosslingia 70, 75. 

Granunatopteridiurn 458, 547. 
Granimatopteris 48 1 . 

— Baldaufi 564, 596. 

Grammitis 440, 460, 547, 549. 

Griggsia cyatbea 1,50. 

Gyrnnocarpiuin 410, 544. 

Gvinnogramrne 79, 143, 305, 306, 310, 

462, 472, 538. 

— aiirea- 352. 

— chaerophylla 385. 

— chrysophylla 285, 332, 333. 

— cordata 352. 

— farinifera 332. 

— Hookeri 326, 332, 

— Laucheana 326, 333. 

— leptophylla 385, 386, 338, 392, 412. 

— sulphurea 215, 285. 

Gynmoneuropteds 48 1 . 

Gymnopteris 461, 538. 

Gyroptens 481. 

Halonia 11, 505. 

Plaplostigma 477, 499, 556, 600. 

— irregulare 490. 

Plaiismannia 485, 554. 

— dichotoma 495. 

— Pelletieri 495. 

— Wilkinsi 495. 

Hecistopteris 335, 458, 539. 

— pumila 335, 336. 

Hedeia 477. 

— corymbosa 490. 

Helenia 478. • 


Helenia inopinata 486. 

Heleniella 478. 

Helianthus 313. 

— annuus 385, 

Helminthostachys 48, 86, 90, 97, 120, 324, 
458, 527. 

— zcylanica 167, 171, 235, 274. 
Hernigramma 458, 544. 
iienaionitis 458, 538. 

— arifolia 333. 

— cordata 333. 

— palmata 44, 326, 327, 328, 333, 336. 
Hemipteris 459, 536. 

Hemitelia 456,460,533. 

— capensis 81, 400. 

— Sniithii 401, 447. 

Herpobasidium filicinum 149. 

— Struthiopteridis 149. 

Heterogonium 459, 544. 

Hevea 444. 

Hickiingia 477, 498. 

Hieracium 282. 

Hierogramma 556, 597. 

Histiopteris 460, 536. 

— incisa 408, 447, 455. 

Holodictyum 458. 

Holostachyum 548. 

Homostegia Polypodii 151. 

Hornea 27, 28, 70, 73, 75, 477, 497, 499, 
570, 601, 603, 607. 

— Lignieri 570, 603. 

Hostimella 477, 490, 498, 499. 

— pinnata 607, 

Humata 462, 536. 

— parvula 437. 

— ■ repens 536. 

Plura crepitans 176. 

Huttonia 512, 514, 

Hyalopsora 144, 145. 

Hydnophytum. 432. 

Hyenia 479, 511, 512, 556. 

Hymenodimn 549. 

— crinitum 549. 

Hymenolepis 149,457,547. 

' — spicata 547. 

Hymenophyllites 484, 494. 

• — Mendozaensis 494. 

Hymenophyllopsis 458, 471, 532. 
Hymenophyllum 194, 257, 260, 263, 264, 

336, 387, 390, 418, 460, 472, 531, 532. 

— asplenioides 247. 

— ciliatum 194. 

— demissum 247, 260. 

— flabellatum 447. 

— Fomini 403. 

— fiicoides 247. 

— holochilum 436. 
lineare 194. 

— m.ultifiduin 404. 

— peltatum 388, 390, 403, 404. 

— tunbridgense 246, 247, 250, 260, 261, 
263, 388, 403, 404. 

Hymenoscypha Asplenii 150. 

Hymenotheca 485. . 

Hypericum 414, 

Hypodematium 462, 543. 

Hypoderris 458, 542. 

Hypolepis 445, 447, 460, 535. 

— repens 394. 


40 
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Hypolepis rugulosa 408. 
— tenuifolia 447. 


Iris 581. \ ^ 

Irydyonia filicis 151. , 

Isoetes 4, 5, 8, 25, v 7^’ 74* 

49, 56, 58, 59, 60, 61, 62, 63, 65, 73, 74, 
86 92, 93, 94, 96, 98, 99, 103, 104, 115, 
128, 155, 196, 197, 205, 210, 220, 225, 

226 236, 238, 239, 242, 243, 252, 253, 

259’ 342, 383, 385, 392, 393, 395, 396, 

399 415, 416, 417, 418, 453, 456, 463, 

464* 461, 500, 501, 593, 504, 522, 572, 

575’ 602. 

— • adspersum 415. 

— asiatica 276. 

— coromandelina 236. 

— Dodgei 415. 

— Duriei 128, 415, 416, 
echinosporuiTi 155, 236, 276, 415, 416, 

— Engelmannii 415. 

— hypsophilum 416. 

— Hystrix 59, 99, 415, 416. 

— - japotiica 58, 60, 92, 204, 205, 220, 238, 
267,276. . 

■ — lacustre 35, 59, 60, 65, 73, 128, 155, 
204, 220, 221, 267, 350, 388, 415, 416. 

— macrosporum 416. 

— melanopoda 221, 225, 

— Pringlei 416. 

— riparium 416. 

— saccharatuni 416. 

— Savatieri 416. 

— setaceum 415, 416. 

— Welwitschii 416. 

Isoetites 479. 

Isolonia 535. 

Ithycaulon 457, 534. 


Jamesonia 338, 453, 458, 472, 537, 543. 
Jegosigopteris 483. 

— Jaworskii 487. 

J uncus bufonius 415. 

— capitatus 415. 

— pygmaeus 415. 

Kaulfussia 164, v553. 

Kidstonia 483, 553. 

Klukia 483, 553. 

— exilis 494. 

Knightia excelsa 384. 

Knorria 490, 505. 

— anceps 486, 

— mamillaris 486. 

Lastraea 94, 299, 333, 352. 

— atrata 295. 

— opaca 327, 333, 334. 

— pseudomonas 332, 333. 

Lathyropteris madagascariensis 401. 
Lecanopteris 432, 433, 459, 547. 
Leiodcrmaria 506. 

Lemmaphyllum 462, 547. 

Leocarpus fragilis 153. 

Lepicystis 548. 

Lepidocarpon 35, 479, 505. 

Lepidodendron 18, 20, 26, 38, 42, 52, 56, 
85, 90, 91, 92, 98, 99, 477, 485, 486, 488, 
500, 501, 505, 595. 


Lepidodendron aculeatum 488. 

— australe 490. 

— ^ brevifoiium 89. 

— Clarkei 490. 

— . esriostense 99. ' 

— Gaudryi 488. 

— Hickii'99. 

— kirgisicuni 486. , 

— ■ niesostigma 488. 

— - molle 488. 

— nothum 490. 

— obovaturn 47, 490. 

— pciilis felis 488. 

— Osbornei 490. 

--- ostrogianurn 486. 

— pedroanum 490, 

— ■ Posthuini 488, 

— Rhodimmense 89. 

— rirnosuni 490. 

— Schraalhauseni 486. 
scutatiim 490, 

— selaginoides 88, 89. 

— vasculare 89. 

— Velthemiianum 11, 19, 486, 490, 500. 

— vcreenigingense 490. 

— Volknianniaruim 19, 20, 490. 
Lcpidodendropsis 478, 503. 

Lepidodeudruin 39. 

Lepidopidoios 11, 47, 478, 505. 

— lanciniis 12, 490. 

— Scoticiis 506. 

— Wunschianus 54. 

Lepidophylluin 490, 505. 

Lepidopteris 518. 

— Ottonis 610. 

]x*pidoslrobopbylluni 488. 

— iatisquainuiu 458. 

— longitriangulare 488. 

Lepidostrolms 35, 47, 486, 488, 490, 500, 

505, 603. 

— Voltlieiminiuis 47. 

L(‘pi<Iutis 500. 

Lepisorus 461, 547. 

L(‘ptochi]ns 395, 453, 526, 546, 548. 

— zeylanicmn 205. 

Leptograinuia 460, 545. 

— totta 205. 

LeptoI(*pia 455, 463, 534. 

Lc'ptophloein 479, 506. 

— austrak* 490, 

Leptopteris 101, 463, 528. 

— sut)CTba 247, 263, 401. 

Lcp tospt ‘no in ! 1 448 . 

Leptosphaeria Cn.pini 155. 

— niarcy(‘iisis 155. 

Leptostnana filiciinnn 152. 

Leslcya 561, 585. 

Leucnslegia 462, 536, 542. 
ligniera Isoetis 155. 

Lindsaya 79, 435, 460, 535, 543. 
LiiioptcTis 586. 

Litlioslegia 459, 542. 

Litorella 399. 

— am eric ana 416. 

■ — australis 416. 

— laciistris 416. 

Llavea 458, 537. 

Lobatannularia 480, 512, 514. 

— ensifolia 489. 
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Lobatannularia heianensis 489. 

inacquifolia 489. 

— lingulata 489. 

Schtschurowskii 487. 

— sinensis 489. 

Lobelia Dortnianna 416. 

Loganella 477. 

Loniagraiuma 422, 423, 427, 458, 545. 
Lomaria 632, 540. 

capcnsia 326, 332, 333. 

Lomariopsis 421, 427, 457, 545. 

Lonchitis- 462, 536. 

Lonchoptcris 585. 

— Bricci 584, 

Lophiodendron 473. 

— superuni 486. 

— tyrganense 486. 

Lopholcpis 549. 

Lophosoria 462, 533. 

Lorinseda 413. 

Loxograrnme 459, 546, 547. 

Lo.xoscaphe 457. 

Loxsoma 79, 455, 463, 532, 

— Cunninghanii, 456. 

Loxsomopsis 456, 458, 532. 

Liiersscnia 459, 544. 

Lupiniis 44. 

Lycopodioides 500. 

Lycopodiopsis 479. 

— Derby! 491. 

Lycopodites 479, 488, 493, 500, 506. 

— gracilis 493. 

— victoriae 493, 

Lvcopodium 1, 2, 4, 5, 8, 11, 15, 16, 19, 20, 
“26, 28, 29, 31, 32, 33, 37, 33, 47, 48, 49, 
56, 64, 67, 74, 75, 77, 85, 86, 94, 95, 
96, 99, 100, 115, 117, 123, 125, 126, 
155, 179, 183, 184, 220, 222, 223, 226, 

233, 243, 252, 265, 341, 342, 351, 362, 

384, 390, 404, 417, 418, 419, 424, 430, 

443, 448, 454, 461, 463, 466, 500, 501, 

502, 503, 522, 564, 571, 600, 613, 616. 

— aiopecuroides 502. 

— alpinum 11, 72, 204, 348, 350, 362, 
391, 405, 455. 

— andiniim 388. 

— aniiotinum 155, 179, 184, 245, 348, 351, 
362, 363, 398, 404, 405, 419, 455. 

— Billardieri 179, 181, 350, 362. 

— carinatum 10, 11, 17, 37. 

— casuariiioides 445, 502. 

— ccniuurn 5, 179, 188, 189, 350. 362, 396, 
424, 442, 443, 444, 500, 502, 571. 

— chamaecyparissiis 155, 362. 

— • clavatuin 5, 25, 37, 72, 99, 115, 155, 165, 
177, 178, 179, 183, 184, 185, 187, 204, 

235, 245, 257, 259, 348, 350, 351, 353, 

361, 362, 398, 404, 405, 419, 424, 454, 

502. 

— complanatum 10, 15, 117, 155, 170, 178, 

181, 183, 184, 185,' 187, 351, 355, 361, 

362, 405, 455. 

— dichotomnm 37. 

— diffusiim 502. 

— Hippuris 9, 37. 

— inandatum 18, 98, 99, 127, 179, 188, 
333, 391, 405, 502. 

— ■ laterale 188, 502. 

— lucidulum 18, 85, 125, 392, 395, 405. 


Lycopodium Phlegmaria 37, 179, 180, 181, 
336, 362, 383. 

— pinifolium 441. 

— ramulosum 126, 188. 

— reflexuni 395. 

— salakense 179. 

— Saururus 361, 388. 

— Selago 11, 18, 37, 42, 47, 48, 68, 71, 93, 

120, 122, 125, 126, 127,. 138, 155, 165, 

178, 179, 180, 187, 204, 245, 348, 350, 

362, 388, 390, 392, 395, 397, 398, 405, 

454. 

— tuberosum 502. 

— volubile 11, 42, 351, 401, 448, 502. 
Lycostrobus 479, 506. 

Lyginodendron 600. 

Lvgodium 45, 110, 145, 214, 215, 313, 

“401, 442, 445, 460, 483, 528. 

— jaiDonicum 336, 387. 

— palmatum 208, 212, 214, 237, 265, 267. 
387,401,529. 

— - polymorphum 144. 

— .scandens 10, 401. 

Ly thrum hyssopifolium 415. 


Macroglossum 459, 527. 

Macrosporium Scolopendrii 151. 
Macrostachya 512, 514, 

— huttoniaeformis 489. 

Marasmius 146. 

Marattia 68, 83, 94, 97, 103, 164, 191, 460, 
528. 

— alata 95, 164, 166, 168, 327, 333. 
fraxinea 247. 

Marattiopsis 482, 553. 

— macrocarpa 493. 

— Muensteri 493. 

Marchantia 133. 

— polymorpha 202. 

Margiiiaria 462, 548. 

Margiiiariopsis 458, 547. 

Mariopteris 585, 586. 

rnuricata 584. 

Maroesia 478. 

rhomboidea 488. 

Marsilea 2, 116, 132, 138, 197, 198, 210, 

219, 235, 237, 259, 310, 337, 354, 362, 

385, 397, 416, 417, 445, 460, 522, 526, 

530 575. 

— Drummoiidii 239, 275, 282, 418. 

— hirsuta 416. 

— nardu 418. 

— pubescens 415. 

— quadrifolia 210, 217, 219, 237, 239, 
249, 267, 275, 350, 397. 

— - strigosa 415. 
vestita 210, 211. 

Matonia 459, 531, 545, 546, 554, 582. 

— pectinata 78, 79, 84, 447. 

— sarmentosa 456. 

Matonidiura. 484, 554. 

— indicum 494, 

Mationiella 484, 554. 

Matteuccia 388, 399, 409, 418, 455, 462, 540. 

— intermedia 540. 

— orientalis 205, 263, 271, 280, 358. 

— Struthiopteris 7, 46, 113, 130, 133, 149. 
152, 204, 206, 214, 273, 307, 324, 327, 
409, 540, 563, 612. 
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Maxonia 458, 543. 

Medeola virginica 404. 

Megaphyton 482, 553. 
Melanotaenium Selaginellae 156. 
Melasmia iinitans 151. 

Meniscium 545. 

Menopteris 481. 

Mentha pulegium 415. - 
Merianopteris 482. 

Merinthosorus 458, 548. 

Mertensites 484, 554. 

Mesocalaraites 480, 512, 514. 
Mesochlaena 545. 

Metacalaniostachys 480, 512, 514. 
Metaclepsydropsis .481, 552. 
Metaxya 458, 533. 

Metrosideros lucida 447. 

- — robusta 447. 

— tomentosa 386, 

Miadesmia 479, 505. 

Micheevia 478. 

— pulchella 486. 

— rimnensis 486. 

— uralica 486. 

Microcachrys 565. 

Microgratnma 547. 

Microlepia 459, 534, 535. 
Microphyllopteris 494. 

Microsoriura 462, 547, 548. 
Microstaphyla 457, 549. 

Milesia 144, 145. 

— australis 144. 

Milesina 144, 145. 

— Kriegeriana 145. 

— Lygodii 145. 

Milium 411. 

Milleria 499. 

Mnium cuspidatum 201. 

Moehringia muscosa 410. 

Mohria 462, 528, 529. 
Monachosorella 463, 544. 
Monachosorurn 462, 544. 

Moniliopsis Aderholdi 144. 
Monocarpia 484, 554. 

— Posthurni 489. 

Monogramma 305, 336, 457, 539. 
Monograptiis 27, 563. 

Monotropa hypopitys 178. 
Morenoella Nephrodii 150. 
Myiocopron Lycopodii 155. 
Myriophylloides 512. 

Myriotheca 486. 

Myrmecophila 547. 

Myxotheca hypocreoides 158. 

Nathorstia 479, 482, 553. 

— alata 493. 

— Willcoxi 493. 

Nathorstiana 4, 49, 58, 63, 504. 
Nectria 144. 

Nernatoj'Jteris 458, 549. 
Neocalamites 480, 512, 517. 

— Carreri, 491, 493. 

— hoerensis 493. 

— Meriani 489. 

Neocheiropteris 459, 464, 546, 547. 

— palinatopedata 456. 

Neottia 176, 

Nepenthes 444. 


Nephrodium, 197, 219, 238, 333, 485 

— hirtipes 237, 332, 333. 

— rnolle 197, 218, 316. 

Nephrolepis 194, 195, 293, 313, 315, 317 
351,445,459,536. 

— acuta 455. 

hiserrata 149, 195, 327, 328, 333. 

—• cordifolia 154, 315, 318, 355, 455. 

™ exaltata 151, 261, 293, 295, 455. 

— hirsutula 146. 

Neiirocallis 458, 537. 

Neiirodontopteris 584. 

Neuropteridiuin 486. 

— mooinbraccnse 495. 

— plantianurn 492. 

— tasrnanenso 492. 

— valid urn 486, 492. 

Neuropteris 584, 585. 

Neurosoria 459, 537. 

Nicotiana tabacuin 371. 

Nigritella 412. 

Niphobolus 432, 526. 

— fissiis 145, 

Nipholepis filicina 158. 

Nitella capitellata 415. 

Noegge rat ilia 557, 

— foliosa 557. 

— vicinalis 557. 

Nolina recurvata 58. 

Norimbergia 483, 553. 

Notholaena 359, 386, 392, 407. 461, 472, 
539. 

— dealbata 407. 

— Fendleri 387. 

— flavens 333. 

— Marantae 333, 353, 393, 407, 409, 539. 
Notogramrne japonica 205, 206, 208, 238. 

Ochropteris 459, 536. 

Odontoptt^ris 584. 

— alpina 584. 

Odoiitosoria 401, 445, 453, 535. 
Oenotrichia 459, 534. 

Oishia 435, 554. ■ 

Oleandra 460, 536. 

Olfersia 458, 543. 

Oligocarpia 484, 554. 

— Gothani 489. 

Ornphalia flavida 146. 

Oinphalophloios 478, 506. 

Oiicopteris 484. 

Onoclea 131, 197, 198, 214, 237, 333, 409, 
463, 485, 540. 

sensibilis 130, 151, 214, 265, 267, 270, 
271, 275, 277, 324, 409, 540. 

Onychiopsis 485. 

— Mantelii 495. 

— psilotoides 495. 

Onychiuni 469, 537. 

Ophioglossitcs eozaenicum 482. 
Ophioglossum 8, 28, 32, 44, 45, 48, 68, 96, 

119, 129, 164, 167, 239, 253, 274, 321, 
334, 363, 394, 412, 413, 415, 418, 424, 
450, 527. 

— arenarium 393. 

— ellipticurn 238, 259, 263. 

— Engelmannii 393. 

— iusitanicum 482. 

— moiuccauiim 167, 169, 174, 396, 595. 
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Ophiorfossiim pedimculosiiin 335. 

pendulum 107, 165, 167, 168, 169, 170, 
17L 172, 174, 424, 430. 

— vulg-atum 152, 167, 173, 174, 237, 244, 
259, 270, 335, 350, 393, 413, 455. 

Orchis 412. 

Oreogrammitis 459. 

Orrnoloma 458, 534. 

Orobanche trichocalyx 399. 

Orthiopteris 534. 

Osmunda 144, 199, 205, 233, 236, 237, 238, 
241 242, 249, 252, 253, 255, 259, 310, 

314’ 315, 320, 324, 336, 342, 388, 397, 

399’ 409, 413, 453, 461, 528. 

— ciimanioiiiea 85, 86, 151, 205, 247, 248, 
414, 595, 

— Claytoniana 409. 

— gracilis 205. 

— japonica 411. 

— paliistris 205. 

— regalis 47, 107, 110, 112, 114, 120, 133, 

135, 136, 137, 138, 148, 151, 199, 203, 

204, 205, 234, 237, 246, 247, 249, 250, 

252, 255, 257, 258, 261, 263, 278, 279, 

281, 297, 308, 319, 320, 327, 333, 454, 

613. 

Osmundites 483, 494, 595. 

— Duniopi 493. 

— Gibbiana 493. 

— Kolbei 493. 

Ovopteris 585. 

— pecopteroides 534. 

— Weissi 586. 

Oxalis 44, 337, 411. 

Oxycoccus 405. 

— macrocarpus 414. 

Paesia 461, 536. 

Paikhovia 478. 

— • Tschernowi 486. 

Palaeopteridiiiiu Reussi 583. 

Palaeopteris 584. 

Palaeostachya 47, 480, 512, 514, 518. 

— incrassata 439. 

Pabieoweichselia 564, 585. 

— Defrancei 584. 

— yuani 584. 

Palrnatopteris 582, 584, 585. 

— furcata 582. 

Paltonium. 458, 547. 

Papuapteris 466, 543. 

Paracaiamites 480. 

— decoratus 487. 

— izylensis 487. 

— Kutagorae 487. 

■ — laticostatiis 487. 

— ■ robustus 487. 

— sibiricus 487. 

' — similis 487. 

— striatus 487. 

Paradoxopteris 482, 553. 

Parapecopteris 482. 

Parapolystichuin 544. 

Parasorus 459, 535. 

Parmelia 399. 

Pannularia discoidea 150. 

Parthenocissus tricuspidata 503. 
Pecopteridiuin 585, 

Pecopteris 561, 581, 585, 611. 


Pecopteris Armasi 584. 

— lamurensis 582. 

— Pluckeneti 611. 

— synica 487. 

— vestita 582, 584. 
Pectinophyton 477, 498. 

Pellaea 386, 388, 407, 460, 472, 

— atropurpurea 236, 407. 

— Breweri 409. 

— Bridgesii 409. 

— ' densa 409. 

— glabella 407. 
nivea 333. 

— termifolia 327. 

— ternata 326, 327. 

Pelletiera 483. 

Peltochlaena 543. 

Perauerna 459, 542. 

Pestalozzia Cibotii 144. 

— funerea 151. 

Petasites uiveus 410. 
Petscheropteris 483. 

— splendida 487. 

Phanerophlebia 462, 543. 
Phanerosorus 458, 531. 

Phaseolus miiltiflorus 337. 

— vulgaris 385. 

Phegopteris 398, 410. 

— Dryopteris 10, 149, 151, 153, 
410. 

— polypodioides 132, 133, 148, 
327, ’332, 333, 410. 

— Robertiana 204, 

Phialophloios 478, 506. 
Phlebodium 458, 548. 
Phlebopteris 484, 554. 

— polypodioides 494. 

Phoma Botrychii 151. 
Photinopteris 459, 548. 
Phragmites 415. 

Phyllitis 204, 297, 386, 338, 

408.461.541. 

— Scolopendrium 129, 133, 135, 
153, 204, 213, 259, 260, 283, 
290, 291, 292, 293, 294, 295, 
299, 333, 334, 336, 352, 361, 

408.418.541. 

Phylloglossum 8, 29, . 93, 94, 125 
\ 383, 385, 455, 463, 502, 571. 

W- Drummondii 29, 416, 502. 
Phyllosticta Platycerii 151. 
Phyllotheca 480, "487, 491, 493, 
591. 

— australis 489, 491:, 493. 

— bardensis 487. 

— concinna 493. 

— deliquescens 487, 491. 

— equisetoides 487. 

— Etheridge! 491. 

— Griesbachii 491. 

— Hookeri 493, 

— indica 491. 

— macrostachya 487. 

— minuta 493. 

‘ — pauciflora 487. 

— peremensis 487. 

— robusta 491. 

— Sokolowskii 487. 

— stelHfera 487. 


392, 398, 
149, 204, 


391, 392, 

146, 151, 
286, 288, 
297, 298, 
363, 37^ 

, 126, 128,1 
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Phvllotheca uluguruana 491. 

— Whaitsi 491. 

— Zeilleri 491. 

Phymatodes 461, 546, 547, 548. 

Physarum gyrosum 153. 

Plivtophthora 166. 

Pilularia 2, 196, 210, 212, 214, 233, 265, 
397, 416, 462, 522, 526, 529, 530. . 

— globulifera 199, 204, 210, 236, 237, 239, 
243,263,267,397,416. 

— Mandoni 416. 

— minuta 415. 

Pinacodendron 478, 503, 506. 

Piimiilaria 512. 

Pinus 92, 

Pistia 416. 

Pityrogramma 359, 460, 538. 

— adiantoides 326. 

— calomeianos 284, 359, 442. 

— chrysophylla 243, 284, 326, 327, 332, 
333 

Plagiogyria 324, 440, 442, 461, 526, 532, 

— glauca 324. 

— pycnophylla 324. 

Platycerium 47, 64, 129, 323, 324, 354, 355, 
421, 424, 431, 432, 460, 546. 

— bifurcatum 151, 323, 333, 335. 

— divergens 205. 

— grande 333, 335, 432. 

— Hillii 333, 335. 

— iridioidcs 205. 

— Stem aria 335, 430. 

— Willinckii 335. 

Platygloea Hymenolepidis 149. 

Platvtaenia 458, 535. 

Platyzoma 78, 459, 530, 595. 

Piecosoriis 458, 543. 

Pleopeltis 461, 547, 548. 

— astrolepis 547. 

— lanceolata 547. 

— pteropus 193. 

— superfacialis 193, 

Pleuroineia 4, 32, 49, 55, 58, 61, 62, 63, 
103, 104, 478, 493, 504, 505, 562, 563, 
572, 616, 617. 

— Sterribcrgi 32. 

Pleurosoriopsis 463, 541. 

Pleiirosorus 455, 463, 541. 

Podoloraa 485. 

Poecilitostachys 479. 

Polybotrya 273, 274, 458, 543, 545. 

— cervina 259, 268, 270, 271, 273. 

Polvpodiiim 129, 151, 152, 247, 305, 306, 

314, 323, 324, 339, 370, 371, 386, 419, 

440, 456, 461, 464, 471, 473, 485, 546, 

548, 549. 

— aiireum 205, 259, 261, 273, 275, 276, 
278, 279, 280, 282, 297, 308, 327, 328, 
329, 330, 333, 354, 375, 376. 

— aiistraie 390, 472. 

— bifrons 433. 

— - Billardieri 448. 

— Brunei 433. 

— caespitosum 243. 

— cambricum 151, 153. 

— coronans 548. 

— crassifolium 152. 

— diversifolium 448. 

Feei 446, 447, 


Poiypodiurn. P'endleri 327, 328, 334. 

— glycyrrhiza, 418. 

— heracleum. 324, 325, 326, 327, 328, 330 
333, 335, 548. 

— irnbricatiim 432. 

— irioides 336. 

lineare 145, 402. ' 

— iongissiinuni 151. 

— loriceuin 327, 334. 

— - lycopodioides 64, 334. 

— nuisifoliuin 327, 330, 334. 

— paradiscae 209. 

— phymatodes 418. 

— polypodioides 198, 205, 206, 207, 339, 

: 392,' 402. 

— pteropus 402, 445. 

— - ' puiictatiim 152, 243, 336, 355.' 

— pustulatum 418. 

— quercifolium 323. 

Reinwardtii 316. 

— rigiduliim 323. 

Schneideri 26 1 , 270, 27 1 , 273, 274. 

— * smuosum 432, 433. 

— stipitatum 388. 

— taeniatunt 436. 

— vulgare 100, 114, 146, 151, 153, 204, 
237, 261, 270, 271, 273, 276, 334, 339, 
369, 385, 388, 390, 391, 392, 402, 418, 
548, 549. 

— Willdenowii 323. 

PolvstichuTii 299, 388, 408, 453, 456, 461, 
464, 472, 543. 

— - acrostichoides 408, 419. 

— aculeatuiri 146, 151, 219, 316. 

— adiantiforme 151, 316, 327, 334. 

-- angulare 287, 295, 296, 327, 334, 

403., 

— anomalum 46. 

— aristaturn 148. 

— ]3raunii 204, 274, 403. 

— capeiise 455. 

— carvifoHuin 148. 

-™- craspedosoruiu 395. 

— drepanuin 456. 

— Duthici 388, 408. 

— falcatum 134, 143, 26.8, 281, 282. 

— falcineliiim 456. 

— lobatiim 392, 408. 

— ionchitis 363, 392, 408. 

— rnohrioides 390, 455, 472. 

— scopulorum 408. 

— Standishii 205. 

— ~ tripteron 205. 

•— variuru 205, 327, 334. 

— vestituiTi. 443. 

— • Webbianum 456. 

Polytaeniuni 540. 

Porodendron 478, 506. 

— tenerrinmin 486. 

Pothueitopsis 480, 512. 

Priiiiiila 249. 

Pr(jsa])tia 458, 549. 

Protasolaiuis 478, 506. 

Protocalainites 480, 512. 

Protoclepsydropsis 43 1 . 

Protolepidodondron 31, 57, 473, 479, 496, 

499, 556, 588, 608. 

— iincare 490. 

— yalwaUnise 490. 
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Protopteridium 477, 496, 499, 552, 555, 
580, 584, 599. 

— horitirricnse 581. 

Protopteris 484. 

Protorhipis 485, 554. 

— Buchii 495. 

Psanimiosoriis 459, 536. 

Psaroniiis 28, 82, 93, 97, 482. 

— brasiliensis 491. 

— Demolei 83. 

. — Haidingeri 93. 

— infarctus 82, 83. 

— sibiricLis 487. 

— Ungeri 82. 

Pseiidobornia 31, 479, 5U, 512. 

Pseudodr ynaria 548. 

Pseudolarix 604. 

Pse ud GDI ar at t ia 527. 

Pseiidosporoc hulls 477, 499, 555. 

— Krejcii 578. 

Psilogramme 533. 

Psilophyton 477, 496, 498, 499, 591, 607. 

— Goldschmidtii, 43. 

— princeps 663. 

Psilotum 2, 4, 5, 15, 28, 32, 33, 34, 48, 49, 
50, 51, 68, 70, 71, 75, 86, 98, 100, 106, 
174, 176, 177, 184, 191, 233, 239, 245, 

252, 255, 256, 354, 395, 405, 422, 454, 

456, 460, 500, 501, 507, 508, 509, 589, 608. 

— Bernhardi 67. 

— flaccid um 51. 

— nudum 193, 194, 237. 

. — triquetrum 10, 32, 37, 50, 51, 162, 
170, 174, 175, 195, 203, 234, 237, 238, 

239, 244, 257, 259, 261, 262, 274, 275, 

276, 280, 350. 362, 405, 509. 

Psomiocarpa 459, 544. 

Psvgmophyllurn 557. 

Pteridium 146, 204, 316, 384, 390, 394, 
411, 419, 443, 445, 448, 454, 460, 536. 

— aquilinum 16, 46, 100, 107, 146, 147, 

148, 151, 153, 154, 193, 203, 204, 212, 213, 
259, 308, 316, 322, 323, 330, 349, 350, 

351, 352, 355, 361, 363, 364, 366, 367, 

368, 369, 370, 373, 390, 392, 394, 399, 

410, 411, 418, 454, 536. 

— esciilentum 146. 

Pteridrys 544. 

Pteris 25, 259, 321, 371, 461, 470, 536. 

— aspericaulis 148. 

— biaiirita 455. 

— Blumeana 148. 

cretica 134, 143, 205, 233, 246, 247, 
248, 249, 250, 252, 260, 261, 262, 275, 
276, 313, 334, 419. 

— Droogmaritiana 267. 

— Kunzeana 84. 

— longifolia 107, 110, 111, 135, 143, 146, 
308. 309, 310, 334. 

— longipinnula 154. 

— multifida 205, 203, 238. 

— nern oralis 148. 

— quadriaurita 148, 455. 

— seiTulata 114, 313. 

— tremula 255, 275, 276, 327, 334. 

— umbrosa 313. 

— vittata 455. 

— Wallichiana 322. 

Pterozoniuin 458, 537. 
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— de Baryanuni 1 43, 1 56, 
. — • Equiseti 143. 
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Tapeinidium 458, 535. 

Taphrina 148. 

— Cornu cervi 148. 
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Taphriiia Laurencia 147. 

— ■ Selaginellae 156. 

Targionia 412. 
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Tectaria 459, 542, 544. 
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Teichospora salicina 158. 

Tempskya 483, 553, 563. 
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— Milleri 490. 
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Thysanosoria 459, 545. 
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Timmiella 412. 

Tingia 557, 608. 

Tmesipteris 48, 70, 71, 75, 100, 177, 242, 
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— tannensis 28, 177, 238, 242, 243, 256, 
257, 259, 262, 263, 276, 508, 509. 

— ATeillardi 51, 508, 564. 

Todea 143, 455, 463, 528. 

— africana 143. 

■— barbara 86, 206, 216, 217, 218, 398, 528. 
Todeopsis 483. 

Todites 483, 494, 553. 

— Goeppertiana 494. 

Roesserti 494. 

— Williamsoni 494. 

Toniistachys thyrsiculus 486. 
Toxicodendron vernix 414. 

Trachypteris 457, 538. 

Trapa 417. " 

Trichomanes 5, 25, 28, 29, 321, 383, 388. 
390, 395, 427, 460, 471, 531, 532, 571. 

• bimargmatum 314. 

— caespitosum 403. 

— - Golensoi 247. 

— ■ flabellatum 403. 
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— Kraussii 334. ^ 

— niinutissirnmn 599, 

Motleyi 599. 

■— muscoides 29. 
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— parvulmn 403. 
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Trichomanes radicans 247. 

— reniforme 247, 386, 447. 

— speciosiim 403, 531. 

Triletes giganteiis 572.' 

Triliiuni grandifiorum 260. 

Trisetuni 412. 
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Trogosioloii 535. 
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minus 490. 
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— Osnmndae 144. 

Urnatopteris 486. 

Urobasidium. rostratiirn 148. 

Us'tilago Isoe'tis 155. 
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— Myrtillus 150. 
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Valdensa heterodo.xa 150. 
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• faba 264. 

Vittaria 100,. 305, 336, , 460, 539, 549. 
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-™ il vensis 111,112, 393, 407, 455. 
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Xyris 415. 
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— subsphacrica 490. 
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— diploxylon 487. 

— fistuiosa 487. 
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Zirnmennannia (‘leutheropiiviloides 590. 
Zosterophyiium 477, 498, 499. 
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— Grayi 564. 

— Prim aria 564. 
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